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AUTHOB'S PBEFACE TO THE FIBST EDinOX. 



In offering a new text-book to the student-jonth of Grermany, 
I fool obliged to say a few words aboat its contents, and the 
main principles by which I have been goided in its composition. 
Pathological Anatomy is one of the yonngest branches of 
Medicine. It was founded by Morgagni in his great work : 
De aedibus et caussis morborum per anatonien indagatis ( Venet. 
1761). It was elaborated by its founder and his immediate 
successors [represented in Germany by Jolianru Fr. Meckel 
{Ilandbuch der Patholog. Anatomies Halle, 1804-5), OttOj and 
others], in entire accordance with the methods of normal 
descriptive anatomy. During the first thirty years of the 
present century, it came to comprise a summary of the general 
alterations to which the various organs of the body are liable 
in disease; alterations in form, size, number, consistency, 
continuity, position, relations, colour, and contents. Micro- 
scopical investigation, which supplemented the anatomy of 
Vesaliua by normal histology, had necessarily to confer a like 
benefit on patholo^oal anatomy. Rokitanski and Virchaw have 
rendered undying services to our science as the founders of 
pathological histology. It soon appeared, however, that patho- 
logical histology was destined to stand in a relation to morbid 
anatomy, very different from .that of normal histology in re- 
ference to normal anatomy. Pathological histology shows us 
bow the coarser alterations in the size, consistency, colour, &c., 
of organs, are baaed upon certain definite changes in their 
•tmctaral elements; it explains the former by means of the 
latter. Aa time wore on, it took its place, not merely as an 
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integral constitnent, bnt as the true centre of the entire domain 
of pathological morphology. The following treatise was under- 
taken from this point of view ; attention has accordingly been 
directed to the pathological histology in the first place, while 
the coarser data of morbid anatomy are relegated to the second. 
For the benefit of my colleagues, I may add that this book 
was written in the laboratory rather than in the study. The 
number of original investigations which it embodies, must sen^e 
to atone for the absence of an exhaustive and uniform treat- 
ment of individual topics. 



AUTHOR'S DEDICATION TO THBODOR BILLROTH 

(Standbuj in lieu of "Prefdc/t to the Second Edition), 



Mt dear Fbiekd^ 

I very much regret that I was away from home a 
few weeks ago, when you paid me the visit to which I had long 
been looking forward. I should have keenly enjoyed discuss- 
ing with you the great events of this most memorable time, 
and talking over the little difficulties which beset the author of 
a hand-book of Pathological Histology, when he desires to keep 
pace with current discovery. 

It is a hard thing to play the part of architect to a building, 
the materials for which exist only as a heap of stones, more or 
less roughly hewn; but for which no general plan has been 
laid down. One has to build in continual peril of having to 
pull down remorselessly to-day, what seemed but yesterday to 
be solid and enduring. Compare the section dealing with 
Morbid Growth in this second edition, with the same section in 
the first ; not one stone has been left upon another. For this 
we have to thank Billi^thy Cohnlieinij Thiersch^ Waldeyer^ 
Strieker J Kostery and many others. And how long may we 
exi)ect the present edifice to last ? As you know, I am the last 
man to complain of this. But I should have good reason for 
complaint, were any one, in looking over this book some years 
hence, to forget that the views laid down in it were the views 
of the author in October, 1870. This has been done by 
some critics of my first edition. On more than one occasion, 
I have been pained to find myself regarded as " older" than I 
really was, by a vigorous and energetic youth, I own that 
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I have myself to thank for some part of this annoyance^ 
inasmuch as I have published but little beyond the present 
hand-book, during the last few years ; I found it more con- 
venient to incorporate the results of my work — ^so far as they 
were worthy of such incorporation — into tk^ new edition of the 
hand-book, than to print them separately. I would therefore 
ask you to bear this bad habit of your fiiend in mind, while 
reading this new edition which belongs to you, and to judge 
what I have written, with indulgence. 

RINDFLEISCH. 



Bonn, Ist November, 1870. 
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L{ 1. Eyerything that lives is subject to ^jcrpetual destruction 
1 renewal of its constituent elomonts. Tlioso changes are 
inferred &om observation; we mark the continual adoption of 
certain substances into the organism, and the excretion of others 
in proportionate quantity ; these others being demonstrably pro- 
duced by the metainorplioais of the living substance. 

5 2. The human eye, even when armed with the higliest 
magnifying powera, cannot detect this molecular activity of 
matter. It becomes apparent to our senses only when it is dis- 
turbed, whether in a plus or minus direction. Who can see the 
nutritive processes taking place in the iibros of striped muscle 
in the tail of a living tadpole, or note the silent coming and 
going of matter in a neighbouring connective tissue corpuscle ? 
So long as these structures continue to exhibit, even to the 
smallest dot and line, u certain definite and familiar aspect, we 
hold this " moi-phological permanence" to he a proof that the 
metamorphoses associated with nutrition are progressing undis- 
turb*xl. It is only when we discover some quahtative change in 
tlio cells or other elementary parts of the organism, tliat we are 
made aware of some past or present change in their constitution, 
and incline witli reason to tlie belief tliat such change is due to 
some alteration In the nutritive process. 

§ 3. Changes of this kind occor even in the normal course 
of life. The ago of the body, its gradual growth and decay, are 
to some extent reflected in the condition of the tissues. Wo 
must distingnish in limine between two leading tendencies, under 
which all tissue changes may be grouped; these are, development 
and retrograde metamorphosis. The former teaches us to trace 
tlie origin and growth of the entire organism from the repeated 
multiphcation and manifold differentiation of the cell ; the latter 
«Uow8 UB that the infirmities and the frailty of the body as it 

1 




2 INTRODUCTION. 

grows old are associated with a more or less striking decom- 
position of its tissue elements. 

§ 4. Tliose alterations in the tissues which occur during 
disease are of far greater moment to the physician. They are 
precisely similar to those which occur as a consequence of age. 
Not without reason has Virchow compared the retrogressive pro- 
cesses of disease with a kind of premature old age. The ex- 
istence of the individual cell, like that of the organism in its 
entirety, must oscillate between birth and death. We must 
therefore regard development and decay as the main categories 
under which all morbid tissue ohanges naturally faU. But it 
would be unfair to omit all mention of the fact that the histolo- 
gical phenomena in the domain of pathology are far more various 
than those attending the normal course of growth and decay. 

§ .5. Nearly every disease which is acoompanied by ana- 
tomical lesions exhibits a complex co-existence and succession of 
progressive and retrograde processes. To these, taken together, 
the naked-eye appearances of a diseased lung or liver are due. 
Our task in the first pai*t of this treatise will be to disentangle 
the threads of this complicated web, and to examine each of die 
progressive and retrograde processes singly and from every point 
of view, so that, in the second part, we may be able to construct 
the morbid anatomy of particular diseases out of elements wliich 
are already familiar. 



GENERAL CONSIDERATIONS. 

I. THE RETROORADE METAMORPHOSIS AND DEGENERATION 

OF TISSUES.* 

§ 6. The alterations to be considered in the first division of 
tliis work have this feature in common, that the tissues which 
exhibit them have lost the wliole or a part of their significance 
as living and functionally active constituents of the organism. 
The degree of tliis loss is different in eacli case. Some lead at 
worst to a certain limited, though perhaps very considerable, 
impairment of vitality, as, e.g. amyJoid degeneration and calci- 
fication; others again, as, e.g. fatty metamorphosis, cause a 
gradual but complete destruction of the independent life of the 
affected tissue; imder this head, too, we may include necrosis 
itself — Le. the case in which death precedes, instead of following, 
the structural change. 

We will begin with tlie last-named process. 

1. Necrosis. 

§ 7. No sooner does that peculiar inter-dependence and 
mutual connexion of the component parts of the human organ- 



* Nature begins hor laboars with construction ; we adopt the inverse 
order, taking first the decomposition of stmctores already formed. This 
is done for convenience sake. The reader is suppose to be familiar 
with normal histology, with the materials on which the processes of 
destruction and dissolution are exerted ; and, so &r, it would seem to bo 
indifferent whether we choose to start from the progressive or the retro- 
gressive series. Inasmuch, however, as we shall have to describe the 
histological phenomena exhibited by morbid growths, such as cancer, 
througbont their entire coarse, a previous acquaintance with many 
processes belonging to the retrogressive series, such as fatty degenera- 
tion, caseation, &c., is indispensably necessary. 
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ism wliich results from their genetic unity, and wliich we call 
life, come to an end, than external influences assiune a dominion 
over the body similar to that which they exert over inorganic 
substances ; in other words, the only force which still tends to 
maintain the body in its previous form is the force of cohesion. 
Owing, however, to the great proportion of water wliich enters 
into the composition of the body, this force operates but feebly ; 
hence death is closely followed by disintegration, which, though 
at first gradual, proceeds at an accelerating rate until dissolution 
is complete. So long as the body retains to some extent its out- 
ward form, we continue to speak of it as " dead."* 

§ 8. In presence of somatic death the art of the physician is 
powerless. We might spare ourselves the trouble of studying 
the changes which accompany the death of the tissues, were it 
not that single portions of the organism are liable to die, an 
occurrence which we call necrosis, mortification, or gangrene. 

§ 9. The death of a part is not always followed by the same 
series of anatomical changes. The varieiy of the causes which 
may lead to necrosis, as well as the situation and individual 
constitution of the necrosed parts, occasion very marked differ- 
ences, particularly as regards the proportionate amount of blood 
and water present, which have led to the recognition of two forms 
of gangrene, the dry and the moist In the ensuing sections 
this distinction will be borne in mind ; it will be shown, however, 
that the distinction is based rather on the clinical characters and 
coarser features of the process than on its finer anatomy. 

Note. — A large majority of the various forms of mortification may 
be looked upon as due to a complete arrest of nutrition. Among the 
chief conditions of undisturbed nutrition, a regular and continuous 
supply of blood takes the foremost place. If, therefore, the quantity of 
arterial blood which passes through any region of the body (thereby 
becoming venous) in a unit of time should sink below the normal 
standard, the nutrition of that region must needs suffer; should the 
current entirely cease, nutrition must cease with it. The affected part 
may nevertheless contain an excess of blood ; and this may be so great 



* Inorganic nature, into whose domain the constituents of the 
organism now return, is also called "dead"; but here the term is used 
metaphorically. In common language, the word " dead'' implies that a 
N)dy, though still exhibiting the organic type of structure, is no longer 

t seat of the organic functions. 
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^^^ t e^7e tbe part a. dnrk purple or livid hue. In suuh a case, the 
' BUTOSCOpe shows 113 an ertraordinary turgidity of the capillary veEsels, 
associated with minute extraTQEations scattered throughout the paren- 
chyma ; in the smaller yoias, which are also gorged with blood, we find 
blood corpuscles, solitary or in rows, intorcalatcd between the layers 
of which their walls consist. On inquiring into the cause of such a 
(liatnrbance of the circulation, we commonly find that the obstacle is 
situated in the aSerent arteries of the part. In a future page, those 
diseases of the vessels will have to bo spociolly considered, which may 
fpve rise either to simple plugging (thrombosis, embolism) or to gradual 
contraction of the calibre of a vessel, or finally to a conditioa of its walU 
which so exhausts the vis a lerijo of the heart in the larger arterial 
tronks that it sinks to a mere nothing in the extremities. {Special Piirl, 
(7hap. ir.)- Bnfeebloment of the heart's contractions, consequent upon 
ilisease of ita muscular substance, or due to general debility, such as 
follows typhus fever, is also capable of disturbing the circulation in the 
peripheral parts of the body to snch an extent as to cause mortification. 
Senile gangrene, which affects the toes, feet, and legs as far up as tho 
knees, is commonly caused by tho co-operation of both causes, i.e. by 
changes taking place in the muscular walls of tho heart, together with 
diseaae of the vessels. Compression of the arteries {i<,g. by tumoura 
from without) must naturally exert a like unfavourable intiuenco upon 
the circnlation within the area of their distribution. Tonic spasm of 
its muscular coat very rarely contracts the tube of an afferent artery so 
for as to check tho flow of blood throngh it. Yet gangrene of the 
extremities, following the consumption of large quantities of ergotizod 
grain, is believed to be due to this cause. 

The stoppage of tho blood current nuty also occur in the capillaries 
themselves. The most interesting example of this b when the capillaries 
of a part are compressed by exudation or morbid growth in its paren- 
chyma. So in diphtheritic inflammation, an exudation into the substance 
of a mncous membrane, or of the skin, causes death and sloughing of 
the part. Moreover, most of the necroses (so-called Kor'^fox^v) of the 
oaseona system come under this head; collections of pus between the 
poriostenm and the bone, due to periostitis, compress the nutrient 
arteries which pass from the former to the latter, and so deprive 
the outermost layers of the bone of their supply of pabulum. The 
fbrmation of pus in tho Haversian canals will load in like manner 
to sqneeKing of vessels and death of corresponding portions of bono 
tissue (caries). It need hardly be added that in these cases no con- 
fCes^on of the necrosed part can possibly occur; on the contrary, we 
may invariably expect to Hud a marked degree of aniemia. An obstoclo 
to the escape of blood through the veins rarely causes gangrene. For, 
Ui produce gangrene, it seems that the arrest must be complete; and 
this conditioa is hardly ever reaUsed. At least we often ace thrombosis 
of all the ijreaier veins of the thigh after pregnancy, without its being 
followed by gangrene of the leg. Indeed, there is only one case which 
^dom under this head, vis. when a part is jammed into a dispropor- 
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tioimtelj narrow and unyielding opening, as, e,g, a knuckle of bowel in 
the neck of a hernial sac. In this case, the yielding walls of the veins 
undergo compression before the arteries, and so the return of blood may 
have ceased long before its afflux is at all interfered with. Wo may 
accordingly expect to find the mortified part greatly congested. 

All the above causes of necrosis agree in making an arrest of the 
normal flow of blood through a part the proximate antecedent of tho 
arrest of its nutrition and its life. But nutrition may also be disturbed, 
apart from any interference with the circulation, in the islets of paren- 
chjrma which are included in the meshes of the capillary network. 
Nearly aU such troubles, however, are developed gradually ; the tissue 
changes to which they give rise contrast with the necrotic processes in 
the slowness with which life is extinguished. They will form the sub- 
ject of succeeding chapters. The only true necroses which come imder 
this head are those involving organs, which, like the cartilages and tlio 
cornea, are absolutely non-vascular, when these are wholly separated 
from their connexion with neighbouring parts by suppuration. Tho 
circulation through those vessels which formerly supplied the organs 
with nutrient matter is not arrested; it is only that transit of pabu- 
lum from cell to cell, on which both cartilage and cornea depend for their 
nutrition, which is brought to a stop. 

"So allusion has yet been made to those cases of necrosis in which 
the death of a part is caused by chemical or mechanical agents operating 
from without, as, e,fj, crushing, concussion, desiccation, corrosion, and 
septic poisons. In these cases, we have to do with violent disturbances 
of molecular arrangement which aro incompatible with the continuance 
of vital activity in any form. 



§ 10. A striking peculiarity of living tissues is their power 
of retaining their form and characters in fluids capable of dis- 
solving albuminous substances and their derivatives. Hence it 
is a sure sign of deaiih when the tissues are no longer able to 
withstand the solvent action of sucli fluids. Tliis feature is 
common to all gangrenous changes, and it is one which is early 
recognisable ; the dead part loses its normal elasticity, its turgoi* 
%*itaUs;.\i becomes flabby, soil, and doughy. Now, if a too 
rapid evaporation jfrom the surface of the mortified part is pre- 
vented (and this office is performed by the cuticle, when present), 
we find that the 81 per cent of water contained in the normal 
organism, together with the water which is set free on the spot 
by the very act of decomposition, is amply sufficient to dissohe 
all the solids of the body with the exception of the bones. Wo 
already know, moreoyer, that in most cases of gangrene tho 
vesflek of the mortified part are unusually gorged with blood. 



' Nicnosis or tissues. 

Now, the lilood contains more water than anv otlior tissue of the 
body. Henue the mortifiod psirt will contain more than its due 
proportion of water, at the expense of the healthy tissues ; it is 
therefore all the more able to undergo solution in its own 
fluids. 

The remaining nakod-eye appearances are also duo to this 
excess of blood. For, soon aftei- death, the colouring matter of 
the tlood deserta the corpuscles, and stains, iirst the serum, and 
next all those tissues which are naturally either colourless or 
nearly so. It saturates the walls of the vosseb and tho lax con- 
nective tissue round them, so that the course of tho veins may 
he traced by the purple streaks and patches to which the livid 
^narbling of the skin in gangrene of external parts is due. 
I^nally, every part becomoa equally saturated with blood, the fkt 
of the pannieulux adlposus not excepted. In external parts, tho 
reddish serum makes ita way to the surface of tJie cutis. The 
proviona disintejn^tion of the rele MalpigkU favours a loosening 
of the impermeable cuticle, so that the accumulation of scrum 
may oocasionidly lead to the production of what are known as 
gangrenous blebs ; more commonly, however, it simply strips off' 
the cuticle in large shreds. In the latter event, unless evapora- 
tion be otherwise chocked, a rapid desiccation of the most sujter- 
ficial parts — of those which are open to tho air — iakes place. 
Impregnated as they are with blood pigment, they present, when 
dried, a very dark, nearly black colour (Gangrrena sicca; 
mmnmifieation.) Putrefactive changes are temporarily arrested 
wherever desiccation lias occurred. Desiccation, therefore, is at 
once a means of killing living parts, as we see whenever a scab 
is formed, and of protecting parts already dead from further 
decay. The following statements, therefore, concerning gan- 
gronoas changes in tissue, are all conditional on the presence of 
n'^ater in sufficient quantity for the solution of the parts ; they 
apply, tiiorefore, to gangrene of internal paints, and to that of 
extemsl parts, in so far as these are not exposed to desic- 
cation. 

§ 11. The blood is tlio first of the tissues to tuidcrgo decom- 
position. A few words are enough to deacribo tho morphological 
|>benomena of the process. I have already saitl that the blood 
I pigment forsakes the corpuscles and is gradually imbibed by all 
B iha tissues of the mortiiiod part. We shall have to trace its 
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farther destuiy liereafler. The colourless protoplasm swells up 
moderately and ceases to be visible. In a short time not a 
single nnaltered blood corpuscle can be fonnd." In certain 
exceptional cases we may find blood corpuscles of an intense 
brown tint a^regated together in masses of variable size, even 
in advanced stages of mortification. The edges of Buch masses 
are almost always scalloped (fig. I, a) ; the outermost layer of 
p I oorpusdes is seen breaking up into 

minute coloured granules; and this 
.■v; mode of decomposition may be re- 
garded as the ultimate iate of all. 

§ 12. Changes taking place in 
yucLEATED CELLS cousUtnte a second . 
group of the phenomena incident to 
ncscrosis. We may start with the 
general proposition that the death 
of a lump of nucleated protoplasm 
is followed by its speedy dissolu- 
tion. Its disintegration is ushered 
in, and in some measure facilitated, 

. . , - , 4,., by a phenomenon which we have 

Etnped muHcle; c. Fibres , ■ i ■ .i ci <. 

ofsffipedmnaolosi. Their ^°^S recognised m the fibres of 

break-np into Bowman's striped muscle as " rigor mortis," 

'^' '*"' and which consists essentially in a 

coagulation of those semi-fiuid, viscid, albuminous matters in 

which all the formed constituents of the cell — (in the present 

ease the nucleus and protoplasmic granules) — are embedded. 




Gangrenous duinteRiation 
of the tissues, a. Masses 
of asgregat«d blood cor- 
posdes ; b. Fibres of n 



* It has been experimental!; shown by Jlexand^ B(Amidt tliat in a 
ajer of blood barely a line bhick, which is in contact with air, bnt not 
allowed to evaporate, the blood oorposcles soon disappear! in dogs' 
blood this takes from fifteen to eighteen honra, in horses' blood about 
three days, in ox blood, however, not less than eight or ten daya. The 
blood first asBomeB a lake tint ; we then (in the blood of the dog) see the 
blood oorpuBcles first losing colour, then changing foRn, and appearing 
more nnmerons by isolation. The decolorised discs are then wholly 
dissolved. The decolorisation of the coipuBcles, the passage of the 
colouring matter into the semm, and the eolation of the coloarless 
stroma, are all lesnlts of oxidation. (A. Schmidt, " Uinor Besearcbes in 
Fbysiologkal Chemistry." YirAow'i Arthiv, xxix.) 
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By this coagulation the pi-otoplasm is rendered incapable of 
movement; it stiffens in an attitude wliicli corresponds to the 
"quiescent state " of the cell; tlie granules, too, which may 
previously have exhibited some sort of molecular movement, 
beeome ^tationaiy ; the whole stnictiire puts on a dull and dusty 
look," finally breaking up into granulos of largo relative size, 
which then shrink and disappear. Tlio nucleus, which was at 
first rendered more distinct, nJso falls a prey to tins disintegra- 
tion. 

5 13. Tlic conrsc of events is naturally modified in accordance 
with the previous physiological development of the cells. Our de- 
scription is unconditionally applicable to the cells of the connective 
tissue, of the rete Malpighii, and of those deeper layers of other 
cjiltbelial membranes wliicli correspond in position to the rote ; also 
to the secreting cells of glands, and to lymph corpuscles. But 
the limitary membrane with which the older epitlielial cells are 
famished offers a strenuous resistance to tlie solvent process. 
Hence these cells retain tlieir form long after their nucloua and 
tbeir protoplasm (hcrc=cell-content8) have been broken up into 
granules ; so that epitliclinm cells, destitute of nuclei, are con- 
stantly to be met witJi in mortified parts. In this respect the 
cells of the epidermis take a foremost place; the duration of 
tli^ resistance to the necrotic pi-ooess being proportionate to the 
degree of their comification,t 

j 14. The FIBRES OF DN8TRIPED MUBCLK, tliough not cndowod 
with a limitaiy membrane, retain their peculiar aspect for a com- 
paratively long time ; tlieir nuclei are often only to bo traced 
by an elongated mass of dots, while their marginal outlines are 
still 03 distinct as ever. The phenomena of rigor mortis have 
been but little studied in tlie contractile substance of iinstriped 



V 

^^^i 



\* Kui^ne (ailed to observe this change in the cells of the areolar oon- 
tiasne, bnt he saw it in the corneal corpnacleH of the frog. {W. 
'iihne, " Hesearches on Protoplasm and Contractility." Leipzig, Engel- 
mann. pp. 121-130.) 

t We must boar in mind, however, that comification ie itself a 
gradual transition rrom life to death. I may add, by the way, that 
during comilication a shrinking and final disappearance of the nucleus 
may also be observed. 



10 NECROSIS OF TISSUES. 

muscle. Our only data on this subject are those given by 
Heidenhain.* He describes certain phenomena of coagulation in 
the fibres of unstriped muscle, occurring fi^m sixteen to eighteen 
hours after death. The cells first assume a granular or sandy 
aspect, due to the presence of a countless number of minute, dark, 
pimctiform bodies throughout their contents. These molecules, 
which are too small to be measured, unite to form shaded figures 
of an irregular outline, which in their turn coalesce to form 
coarser, highly refracting, elongated, straight or cuned particles, 
embedded in a residual substance of greater transparency. These 
particles are sometimes irregularly distributed throughout the 
cell, sometimes disposed with tolerable regularity in transverse 
lines equidistant firom one another, giving the cell a coarsely 
striated appearance (fig* I9 ^)* I <^an confirm these statements 
from observations of my own. This mode of decomposition may • 
constantly be observed in cases of so-called softening of the 
stomach; a tiraiefaction and solution of the gastric walls, formerly 
regarded as due to disease, but which is now known to be of 
post-mortem origin (EUdsser — fig. 1, b). The altered mus- 
cular fibres are farther destined to be converted into a viscid, 
mucoid substance, in which, however, the dot-like bodies de- 
scribed above long continue to be visible. 

§ 15. The phenomena of uecrotisation in the fibres OF BTRIPED 
MUSCLE are far more complex than those which have just been 
described. This is a fit occasion for discussing the phenomena of 
rigor mortis in- greater detail From twelve to fourteen hours 
after death, all bodies, with the exception of those killed by charcoal 
ftunes, sulphuretted hydrogen, or lightning, or which have suc- 
cumbed to putrid fevers and the eidiaustion of lingering maladies, 
pass into a peculiar state of rigidity which lasts for about twenty- 
four hours, and wliich resolves itself, on closer investigation, into 
a well-marked shortening, thickening, and stiffening of the 
voluntary muscles. We find a like state of the muscles in limbs 
whose blood supply has been very suddenly cut off; and we can 
induce it experimentally, not only by cutting off the supply of 
blood, but also by the application of heat and cold, by over- 



* Hevdenhairif " Coagulation of the Contents of the Contractile Fibre 
Cells after Death." (Researches in the Physiological Institute at Breslau, 
. 199.) 
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, mccJiaiiienl lioleuoc, ami cljemioal agents, and most 
nipidlj of all, by means of (UstilWl water. 

Numerous rescardies, the. latest imd most cxbnustive of wliicli 
■ive own to IT. Kirhue (I.e.), render it certain that tliis rigidity 
of tliB muscular iibres is immodiately duo to the precipitation of a 
solid albimiiiious constituent from (he rauscnLir fluid. Tliis musole 
clot (myosin of Kvline) foims a wliitc and notvory tranyparent 
mass, and so causes marked opalescence of tlioBO muscles wiiicli 
are in a state of rigor mortis, complicated, moreover, by a Kliado 
of brown. 

Now, althougli rigor mortis la tbo'tlrst st«p towards death, 
it 13 a stej> which is not irretrievnble. It is quite possible to 
throw a frog's leg into a state of rigor mortis by tying the 
;ifr«rent vessels, and then to watdi it resume its normal condition 
on removal of the ligature. Should the case bo one of per- 
manent death of the muscular tibre, the rigidity is followed by 
decomposition. Tiio naked-eye phenomena of this farther change 
are, first, the fading of the bright red colour of the muscular 
tissue, which is replaced by a dirty red, or ycllowiali grey tint, 
unless it happen to be saturated with dissolved hsiniatin ; 
seoosdly, the cohesion of tho muscle is impaired to such an 
extent that it finally becomes converted either iute a greasy, 
jelly-like mass^ in which no trace of it^ former fibrous structurs 
can l>o detected, or into an easily torn, dirtj- grey, tiudeiy sub- 
Etaiice, in which some indications of longitudinal striation are 
still to be found. Tlie raicroHoopio appearances are oven more 
constant. Tlio transverse stria; and nuclei are masked by a 
cloud of minute dark specks ; oil globules, and granules of 
reddish pigmoBi appear jiartly within, partly outside, of the con- 
tractile substance ; the lattei' is torn across at intervals ; tho 
fragments melt away from their edges to their centre ; the sarco- 
Itfinma holds out longest, and when it tinaliy succumbs to the 
conuBon fate, it contains oidy a few small, sliapeloas fragments 
(tf it8 former contents, which mingle with tho reat of the lUbris 

')■• 



^ 



' •■J'ntt stfttM (Otmlralblali, 1866, p. 431) that tho transverso striai 

npprwuh ncnrw to each other before they are swallowed up in the cloud 

of gnjxaies, nod that the complete Bolntion of tho fibres is not iiifre- 

Hitly preceded bja longitudinal Bpliltiug orthecontraotileeiibataDce. 
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It is onlj when the above mentioned jelly-like condition of 
the decaying fibres is especially well marked that we may expect 
to find the manner of their dissolution somewhat modified It 
was in a case of fairly circumscribed gangrene of half the foot, 
due to firost-bite, that I first noticed that condition, and with it a 
break-up of the fibres into Bowman's discs ; since then I have 
had an opportunity of confirming my original observation 
(fig. l,d). 

§ 16. Nothing is at present known about the necrosis of 
NEBVE-CELLS, and very little about that of the peripheric nebve- 
FIBRES. We know that the thicker nerve-trunks maintain them- 
selves in the interior of gangrenous parts for a relatively long 
time, while, on the other hand, their finer branches undergo very 
rapid decomposition. It is probable, fi*om the analogy of rigor 
mortis, that a coagulation of the medullary substance precedes 
any farther changes. Accordingly the fluid matter between the 
axis cylinder and the neurilemma, which is normally quite homo- 
geneous, runs together to form globules of various sizes, which 
are separated by a dear fluid. The dark and wavy outlines of 
these drops impart a highly irregular aspect to the entire fibre 
("fig. 8, a), which has not inaptly been compared to the spiral 
curls of smoke fi*om a pipe. We are still ignorant of the 
chemistry of the phenomenon ; we do not know whether the 
drops of myelin ( Virchow) are to be viewed as a deposit from 
the medullary substance, or merely as a change in its mode of 
grouping,* the observation itself being as old as Leevweiihoeh 
The farther profiress of putrefaction is indicated by a £:eneral 
tumefection of Se nJLtr^, in consequence of whS. the 
individual fibres grow very dim and the neurilemma indistinct, 
while the axis cylinder entirely disappears. Complete liquefac- 
tion occurs at some points sooner than at others ; this gives the 
fibres a varicose appearance, like that presented by the fibres of 
voluntary muscle ^^before their complete disintegration. 

§ 17. The ADIPOSE tissue plays a far more important part in 
the course of mortification. The liquid oil readily escapes firom 



* G. WaMer suggests (in Virehow^s Archive zx. 426) that a coagulation 
of the albuminoid substances present in the medollaiy sheath may cause 
the septimtion of the oily matters soluble in ether, the latter uniting to 
foim fl^oboles of appreoiable sise. 
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cells which nonnally contain it; the hberated oil globules 

coalesce to form larger drops, giving the sanies gavgranosa (§ 22) 

the peculiar aspect of an emulsion, and permeating all the mor- 

tiSed tissues so thorouglily, tliat it becomes verj difRcult to get 

.specimen all whose chinks and crevices are not occupied by a 

itless multitude of oil globules. 

If wc bring the adipose tissue itself under tlio microscope, 
we hardly see a single fat-cell which still retains its normal 
amount of oil ; it must, however, bo added that it is equalh" hard 
to find one which has parted with the whole of its contents. TIio 
contained oil globules are mostly reduced to half tlicir usual size ; 
they are often broken up into smaller globules. This residual 
oil is peculiarly prono to imbibe hn:rmatin, so that not only tlio 
cell membranes and the lax connective tissue between tlie clusters 
of fet-cells, but the entire panniculus adiposus becomes stained 
of a red, or reddish yellow colour. Crystals may form in tho 
interior of the cells ; but they are far more often to bo found in 
tlie oil which has been set free ; hence they are a constant ingre- 
dient of the gangrenous sanies (see § 23). 

§ 18. Tho first change exhibited by tho fibres of the loosk 
COSTJKcrn'E TISSUE is a simple swelling. This does not add to their 
transparency, like the swelling caused by acetic acid ; on the 
conti-ary thoy become more opaque, and refract liglit more 
highly. This change is usually associated witli tho imbibition of 
blood pigment, alluded to above, tho depth of colour produced 
varjTiig inversely as tho amount of water jjrcsent. For it need 
hardly bo explained that the degree of swolliug is exactly pro- 
portionate to the quautify of water iu tho tissue. The evaporation 
and re-absorption of tlio fluid from the parenchyma are at once 
announced by a corresponding desiccation of the fibrilla3 of the 
connective tissue. The coal-black substance into which the cutis 
is converted by dry gangrene exhibits, in fine sections, a ruby- 
red colour by transmitted light. 

Should tlie fibres continue to swell, they become granular, 

!ir outlines wax indistinct, and they finally melt away into a 
rbid slime. 

19. The formed constituents of the connective tissue ofier a 
tar more vigorous resistance than its basis substance. I refer less 
to the glassy, homogeneous membranes (capillaries, tunicEe pro- 
basement membranes), concerning whoso fate during mor- 
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tification we possess no reliable data, than to the itbres and 
NETWORKS OP ELASTIC TisaiJE. Their notorious indifference to 
chemical reagents of all -sorts is equally shown towards the 
feebler agencies at work during mortification. The physician 
confidently anticipates that pulmonary gangrene will reveal itself 
without die possibility of error by the appearance (among other 
symptoms) of the elastic elements of the lung tissue iii the 
patient's sputa. Should the elastic fibres, however, become 
involved in the destructive process, they begin by losing their 
normal elasticity ; they become limp ; oflen, too, they swell, and 
may ultimately be converted into a jelly-like substance. 

Those firmer and more* compact fibrilloe of connective tissue 
of which the tendons are composed, and which also occur in 
fibrous membranes (dura mater, tendinous, muscular and arterial 
sheatlis, periosteum), behave like the fibres of yellow elastic tissue. 
Tlie first indication which these structures (I refer more par- 
ticularly to the tendons) present of being involved in moist 
gangrene, consists in an unravelling of the parallel bundles of 
fibres from one another ; ' this must be ascribed chiefly to soflen- 
ins: and disorganisation of the connective tissue intercalated 
between them, in which the vessels run. At a later stage, how- 
ever, the so-called sccondaiy and tertiary fibrillar are separated 
from one another, and the tendon is converted into a shaggy 
mass of fibres, which bears the same relation to its normal struc- 
ture that carded hemp bears to a well-twisted rope. Even in 
this stage, however, the tendon, as a whole, is not easily torn; 
it is only at a mudi later period that the fibres begin to break 
up into single granular and beaded strips ; these, in their tuni, 
melt away into molecules of minute size, and so become in- 
visible. 

§ 20. Cartilage is one of the most indestructible tissues of 
the body. The chemical composition of the inter-cellular sub- 
stance is very stable, and this, perhaps, is the main reason why 
large pieces of cartilage, e.g. detached articular surfaces, resist 
necrotic disintegration ' for long periods of time. When this 
ultimately prevails, it mostly takes the form of a gradual peri- 
pheric liquefaction, during which the cartilage becomes trans- 
parent and assumes a reddish dnge. 'This colour cannot certainly 
be supposed to be ohie in all tmses to imbiUtiou of the red 
oolouring matter of the blood ; ' tiiis hypothesis: iff diseredited by 
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9 fact tliat die tint in question i 



istantly esbibitod l>y tlio 



cartilages of the larynx and trachea, when these are Molatat by 
soppnratiTG pcricliondritis. Tlie mieroecopo iUsplays a granu- 
lar cii>acity of tbo intcr-eellular substance, whieli melts away at 
it» Rtlges into a gelatinous masa. The oartilago canities are 
generally full of oil globules, duo to fatty degeneration of the 
contained cells ; tliese oil gluliules are set freo whon the ttssnc is 
linally dissolved. 

§ 21. BOKE TISS0E remains tmalteretl during uocrosis. The 
surgeon who, amid the moat striking variety of inflammatory and 
ulcerative changes in a bone, recognises a portion of it as tho 
dead part, the sequestrum, by its smooth surface and unaltered 
form, has cverj- reason to rely on the truth of the above state- 
ment. Meanwhile, it la right that we should clearly understand 
how far we may apply diis doctrine of the " unaltered state" of 
bone tissue in its litei-al sense. Of course we must always be 
prepared to meet with thoso chang;es in the fragment of uecro^^ed 
bone whiuh oro common to all tli€ bones of tbo skeleton during 
somatic puti-i'faction. Cells, \'essels, and modullar^- tissue all 
diaappeur. It would seem, fiirthor, that a great part of tho 
organic matrix, tlie bono cartilage (ossein), is deatroyod by 
potrrfaction, the amount destroyed being pri^ortionato to tho 
length of timo during which it has been exposed to the disor- 
ganising influence. But for this it would not bo possible to 
accoimt (or the notable fact that the spoi-ifio gravity of sequestra 
ia always fai- below tliat of normal bono. Cases occur, more- 
over, in which the sequestrum, owing to a gradual corrosion of 
its surface, loses not only its original polish, but also a part of 
its bulk. Indeed, it is hard to see why complete solution of tlio 
necrosed bone tissue should not take place under suitable con- 
ditions. The jwesence of even a niinutc projwrtiou of some acid 
in the fluids of tho part would suffice to bring this about ; aJid 
(Jio earthy salts ont« dissolved, the residual ossein would not offer 
*ny greater resistance to putrefaction than articulai' cartilage au<l 
icr alllod structures, hi tlio meantime, we must rest content 
li the facts as they stand. As regands the mode in which tho 
btcgraCitni of bone takes place (which, be it said in passing, 
h nearly the same in dead as in living bones), this will bo 
pith elsewhere. (See softening of bono, carefactivc ostitis, 
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§ 22. Having thus reviewed the various modes in which the 
individual tissues break up, let us glance at the fluid which is 
from henceforth their common rendezvous, and which may be 
regarded as the organism in solution, though of course not in the 
sense in which Moleschatt has employed the phrase to designate 
the blood. The composition of the sanies gangrenosa naturally 
varies with its place of origin ; mortification of lung tissue will 
obviously yield a fluid diflering in some respects from that 
which results from gangrene of external parts. We may say 
generaUy, that it has a foul odour and a loathsome greyish 
yellow colour ; the latter assuming a rosy hue on the addition of 
nitric acid, as was first noticed by Virckow. Even its reaction 
is not always alkaline. This, together with all the other differ- 
ences exhibited by various specimens of the fluid, is due to 
differences in its chemical composition, to which we will therefore 
first devote our attention. 

§ 23. We have already seen that the putrefactive process 
may physically be defined as a solution of the constituent ele- 
ments of the body in water ; chemically, it may be viewed as a 
new combination of the elements among themselves, and with 
the oxygen of the atmosphere. Every chemical substance which 
enters into the composition of an organ is in a state of perpetual 
tension; Le. its atoms tend spontaneously to group themselves 
otherwise than they are grouped. Life consists in their inability 
to carry this tendency into effect ; their doing so is a sure sign 
of deadi. A series of decompositions and recompositions ensue, 
which differ for all the different constituents of the body, such 
as albumen, fat, &c, but all of which ultimately issue in the for- 
mation of carbonic acid, ammonia, and water. As this series of 
phenomena is attended by a large consumption of oxygen, it 
might be regarded broadly as a process of slow combustion 
(eremacausis). The transitional compounds, of which there is 
undoubtedly a great variety, are still to a great extent unknown. 
Some are volatile, and when produced in abundance give rise to 
the emphysematous variety of gangrene {RaiMchbixmd) ; they 
cause the stench which offends our nostrils (sidphuretted hydro- 
gen, ammonia, hydrosulphate of ammonia, valerianic and butyric 
adds); others are non-volatile and soluble in water; others 
again are deposited in a solid form, so that after the complete 
disappearance of the structural elements of tie tissues, a new 
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of microscopic objects ranke their appearance ; 
ibilowing present most points of interest : 

" Leucin, produced in gangrene of the Itinga, liver, spleen, 
and pancreas ; it separates in tlio form of a whitish, opalescent 
substance, in homogeneous tbops or spherules, or In concen- 
tricaliv laminated corpusclcsj or finally in knobs of slender, 
needle-shaped crystals (fig. 2, n)." 

^ Ttrosik, commonly found Fic. 2. 

with leucin, in the form of white 
needles with a silky lustre ; these 
are either soUtarj", or when of 
considerahle length and thickness, 
united to form slieaves and stars 
of great beauty (fig. 2, h). 

y Margarin. a crystalline mix- 
ture of two solid fats, stearin and 
polmitin. It is peculiarly abundant 
in mortified tissues. It occurs in 
needles, either isolated or in clusters 
radiating from a common centre 
(6s- 2. ')■ 

3 Tkiple Phosphate — ammo- 
niaeo-magnesian phosphate — occurs 
only in alkaline or neutral sanies. 
The forms which it most frequently 
asBomes are modifications of the 
rhombic vertical prism, which 
eloeely resemble coffin lid3(fig. 2, d). 




Products of gangreuaua dc- 
compoBition. o. Leucin; h. 
Tjrosin j c. Fat-oryatftla ; 
d. Ammouiaco - magncsinn 
phosphate ; e. GanRrcne- 



Vibrionea, jj^. 



YirAmn rnja, ifith rererence to tLc intimate connexion between 
divers fonna {Jrcfii'o viii. 3!17) : " On allowing leucin to crystftUiso 
from solution, we always see, to begin with, very minute roundish gran- 
ules appearing in even the smallest drops of a viscid material, difTcring 
from oil globules by tbeir feebler lustre and paler outline. Two or more 
of these fVoqaontly unite to form largo dmaj {i.e. studded with minute 
crystals) figures, or shoot into radiating clusters. If cryGtallisation 
proceeds rery slowly, they remain raoro independent ; their indiTidiial 
l^irth making them assume, more and more distinctly, the Torm of 
Cuiitty yellow spherules, which often exhibit in addition a concentric 
lunlnation. They often show no sign of their being made up of a 
of minute needles ; on the other hand, mosses of closely-pocked 
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< pKiMKNT GnANULES, which, with tlie ca iee p iif of iron 
^.iil|/lii'K*, an; all derived from the colonring nmtlKtcitim blood, 
urti fotirirl in the filircds which float in the smiai oosnig fiom 
v;iii/?tilar pnrtji, nnd in the tiflsncs of mck parts iTmiiwln i 
'rii'ry <;xli!liit n high degree of polymoiphiflm. Tbe moBt fie- 
f|ii<?iit vnrif;iy in a niHt-coIourcd pigment^ occnxxing m ihe fixm 
tif yniunh'M, <*!tli<>r Mingle or aggregated, vaijiiigfimn a ydlow 
to ti dark roddinh-hrown tint; this is dosel j idated to hawnatin 
in oUt'w'w.til roTiip/iHiiion, nnd is ahK> met with in nan-gangrenoas^ 
tt/t't'tilU^l |)igrii(;riUiry niotnmorphoscs of tissoe, aasodalied with 
li;i'ffifll/iidin. It ih only what are known as gangrene oorpoKles 
tlmt. aro ro^j^nrthul ns peculiar to necrosiB ; tiieae are mSmiiji black 
pfirti/^li'M or xt^ry irregular Rhape, only to be deteeted nnder high 
tna^^nifying ]K)W(!rn, and which set most reagents at Hgfinafft , It 
Ih hy no moans cf^Hain that these gangrene eorpnodea aie excla- 
Hi\t'\y nftso<untrd witli putrefactive changea; on the coaftraiTy 
i}un'. nm ^iuul grounds for l>e]ieving them to bo identical widi 
Mf'hininy of which more will be said hereafter (fig:. 2^e^ 

J 24. Tim o(M*urnMi(*<} of living organinna in gangrenons 
|Hir(H is drHcrviti^ of (*8])ocial notice. I have shown afaeadr 
thill, iho prnrcHH which wo call putrefaction (FanhiiaB)^ and 
whifdi phtyn ho rrnmi a part in necrosis, is ezdnsiTelj doe to tbe 
pn'Mtnrn nnd iho vit^d activity of these humble orgamems. 
Manifold havo )nnm the disputes as to the animal or vegetable 
niiliiro of ilio minute, ntafl-Rhaped corpuscles which we see 
in (i sifitn of continual rotator}", gyratory, or to-and-firo move- 
ment (fig. 2, /). E\Tn now that we know all aboot their 
dfrvohfpTnont^ this question cannot be considered settled. They 
ori/.niialo as follows: their germs— dotlike particles of extreme 
niiniilcnc'HH cxhihiting lively movements — settle at the junction 
of iho |)ntrofying hody with the air ; these germs become elon- 
/.Mif<*tl, and nn<h'rgo repeated constrictions, forming long, jointed 
ihrcmis, which are subsequently broken up into their component 
joints ; those constitute tlio staff-shaped Bacteria. They form a 



hmhIIcs may be produced, whoso surface is studded with distinct pio- 
j(K!tinK points." The larger sphemles may also cohere. In doing so 
thoy lliitton each other; so that wo not unfrcqnenfely come across 
splionilon flattened on ono side, which have become accidentally detadied 
dnriag mounting (fig. 2, a). 
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J scam on the surface of the putrefying substaoco, pene- 
tnting into it to a depth of several lines. Thoj consume a great 
<leal of DsygMi, which tliey obtain for the most part from tlje 
proximate principles of the orgaiiic matter, thereby caoamg 
their decomposition. We cannot allow them to be regarded 
morely as products of putrefaetlon ; neither can their presence 
1 the putrefying body be cousidered as, purely accidental. A 

Fio. 3. 




4 



:p) spores and mycelinm of Bothrytia acinorom cnlliva- 

1 tion in an infnaioa of fleah. a. A recent spore; 6. The 

I etune after fonr hours; tl. After forty-eight hours, both 

, covered with vibriones, z'iO' t-) Vibrionea set free ill an 

infasion of flesh from the tnycclia of mocor, ^^. (3) 

Orawth of yeftBt from germs of ribriones. a. GevmE ; 

h, e, d. The same as vesicleB which progressively increase 

in siKe, uUiinately forming the well-known cell-colonies of 

yieost. (After Llidara.) 



may undoubtedly ondergo decomposition in otiier ways as 
but it can only " putrefy" with the aid of Bacteria. 



2. CoNTjmoss OF Involotios. 
A. Fatly Defeneration. 



§ 25. I Irnvo ehosea to terra the tissue changes, to which the 
following paragraphs will be devoted, " cokditions of djvolu- 
Tloy," implying thereby that they agree in the association of a 
gradual metamorphosis and final annihilation of normal struetui'e, 
with a corresponding diminutioD and final abolition of the ooriual 
^iMttan of the afiected parts. 
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§ 26. This definition applies in the first instance to a meta- 
morphosis of cells, which is characterised by the appearance of 
oil globules in their interior, and which has therefore been called 

FATTT DEGENERATION. 

There was a time when men disputed whether the dark- 
bordered droplets of oil, white bj reflected light and soluble in 
ether, originated in the cell contents, or in the nucleus, or oven 
in the nucleolus. At the present daj, though no one woidd think 
of denying the possibility of a fatty degeneration of the nucleus, 
or of its nucleolus when present, and though we must assume 
that in every case of complete &tty metamorphosis of a cell botli 
its nucleus and nucleolus are destroyed, yet it is universally 
acknowledged that the disturbance invariably begins in the pro- 
toplasm, and in the case of ceUs with a limitary membrane, in 
the cell contents. The protoplasm, which normally exhibits a 
very finely granular appearance, contains at first but a limited 
number of oil globules, little groups of firom two to ten being 
usually seen in the immediate neighbourhood of the nucleus. 
These globules never unite to form larger drops, a phenomenon 
which is constantly exhibited by such particles of oily matter as 
have penetrated into the cell fix>m without (see below, &tty infil- 
tration) ; they remain isolated fix>m one another by thin layers 
of protoplasm. The more numerous they become the narrower 
grows the outermost zone of the cell, which is still free from 
them ; at length this vanishes, and the oil globides reach the 
border of the cell. At the same time the nucleus, which had 
hitherto been recognisable as a bright spot amid the dark mass 
of oil globulte, and which coidd be rendered evident by colora- 
tion with carmine, ceases to be visible (compare with this and 
the following sections, fig. 4). 

§ 27. During the occurrence of these changes the cell has 
increased often to three or four times its former size ; it has^ 
moreover, become perfectly spherical, and this, whatever may 
have been its previous shape, whether cylindrical, squamous, or 
fusiform. It is now known as a " granide-cell,'' * and this term 



* The term " graanle-cell" is decidedly preferable to the older ex- 
preatioii ** inflamTnatory corpuscle." CRuge, who found these oorpuscles 
in the lung at the outset of pnenmoniQ ixdSltmtioD, regarded them as 
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ist therefore be taken to denote a spherical aggregation of oi] 
globules, hold together by an albuminoid basis. 

The presence of a large number of these granule- cells gives 
ihe fluid in which they are suspended, or tlie tissue in whose 
interstices they lie, a yellowisb- white or batter-yellow tint. 
TIius the colostrum, t.^. the milt which 
is secreted during the first few days 
after confinement, ia not white, but 
yellowisli and glutinous : it sopai'ates 
on standing into a clear serous portion, 
and a creamy fluid wliicli rises to the 
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Epitheliam of pericar- 
dium from a case of 
cffuaion into its boc. a. 
CellB which still eihibit 
their norma] form and 
arrangement; first ap- 

rLranceof oil clobulca ; 
Granule cells, one of 
which still exhibits a 
central nucleus ; c. 
Granule cells breakiiig 
up into oily debris. 



surface. The latter is almost entirely patty metam 
made up of granule- cells, which owe " '" " 
tljoir origin to a fatty degeneration 
of the glandular epithelia, and are 
called coloatnim corpuscles. In like 
manner (to confine ourselves to physio- 
logical examples) the corpora lutea of 
the ovary owe their name to a fatty 
degeneration of the cells of the mera- 
brana granulosa, which takes place in 
bU Graafian follicles which have expelled their contents and 

undergoing retrograde metamorphosis. 

§ 28, Tho last stage of fatty degeneration may be appro- 

tely called " emulsitication." The granule cells break up, 
owing to the solution of their albuminoid cement in the sur- 
rounding fluid, which always has an alkaline reaction. A lively 
oscillation of tlio oil globules (molecular movement of Brown) 

lonces their imminent disintegration ; the outennost globules 
become detached from the circumference of tho cell, and 

uniformly distributed through the surroiuiding fluid, while 
the residual aggregate undergoes progressive diminution, until 
at lengtli it disappears, without leaving a trace behind. (This 
saccession of phenomena may be admirably seen in the cells of 
juice.) The fluid emulsion in which the oil globules are 
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teriatic of inflammation. Tbcy were afterwards shown to be 
nothing more than the epithelial cells of the lungs in a state of fatty 
ilef^cration, freed from their attachmecta by the osdeina which pre- 
cedes the inflammation, and so destroyed. 
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now nuspeododj the o3t detritos, kas its pfaj'siologieal prototj-pe 
in tlic KccreticNi of the mmmutty ghmd ; the mmie imifimn dis- 
tribation of the zefraotiiig partides giving it a whiter, or even 
abflolntely white, eolonr, just as in emnlsioiis whioh have been 
artificiaDj prepared. 

§ 29. If we inject mSk into the abdoonnal cavity of a 
rabbit it disappears vexy qnicldy ; it is still siore rapidly ab- 
sorbed from the subcutaBeous areolar tissue. Milk, ^dM^refore, 
and consequently all fatty dAn»j are cqmhle of bang absorbed, 
and are usually absorbed, unless absorptioo is prevented by some 
exceptional conditions* One of liiese deserves eepedal notice, 
viz. when the products of fidty degeneration are enclosed in a 
cavity whose walls «re in a state of inflammatory irritation, and 
conscquenfly inclined rather £br productive than for absorbent 
activity. Those products have, under such circumstances, to 
undergo a farther series of changes. The &tty matters are 
partly saponified, partly deposited in those solid forms witli 
which we became acquainted during our study of necrosis. 
Finally, an abundant deposit of oholesterin crystals takes place ; 
these give thedirly-white mass (whose consistency, according to 
the amount of fluid present, may be either friable or pulpy) a 
peculiar lustre (atheromatous pulp — athercmbrei — grotzbrei). 

Cholebterin, which we now meet with for the first, though 
not for the last, time, is still, notwithstanding numerous investi- 
gations, a very enigmatical substance. 

Its presence in the brain and spinal cord, under perfectly 
normal conditions, in enormous quantity (40 parts in 1,000) 
does not allow us to dismiss it summarily as an cxcrementitious 
substanoB. Its constant presence in the biliary secretion is 
readily accounted for by the fact that the bile is one of the-fe^v 
fluids which is capable of holding it in solution. Chemistry 
informs its that, besides the bile, it is only solutions of soap and 
fiitty oils which can dissolve it, and these only to a limited 
extent 

This high degree of insolubility in animal fluids is one of 
the most striking properties of cholesterin ; it is the cause of 
our so often meeting with it in a solid state. 

The regular crystalline form which it assumes is that of a 
rhombic plate, whose angles are uniformly =:79° 30' and 100° SO'. 
These plates tend to form aggregates with their longer sides 
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Jlel, but without overlapping eacli other at every point. 
! various and intereeting forms 
assumed hy this substanec liave been 
exliaostivcly studied by Virchow; we 
must, however, refer our readers 
to the Bccompanying woodcut and 
to the original paper {Virchow' a | 
vlrcAir, xiL 101). Micro-chemical I 
reactions arc very useful iu enabling 
as to difltingujsh choice terin with 
cei-tointy &om other sufaetenoes which 
have the sanie crj'stallino form. These 
reactions are very characteristic. 
A drop of concentrated sulphuric acid, ivhen allowed to flow 
gradually over tlie specimen, effects a progressive liquefaction 
of the cholesterin plates at tlieir edges, and make» tbcm assume 
a greasy appearance. After a little while the plato becomes 
flexible and quasi-membriuioua ; it is occasionally folded on itself; 
sometimes it shrinks together ; gradually, however, wo see the 
mass melting at its periphery, while a dark reddish-brown 
globule is fonned {Virchoic, Wurdmrger VerluauUungeu , 1850, 
Bd. i. &. 314). 

The simultaneous action of sulphuric acid and iodine produces 
a fine blue colour during the first stages of the decomposition of 
tlio cholcsterin. As regards the presence of cliolesterin in tlie 
atheromatous pulp more particularly, the hypotbeaia that it is 
Brst taken up by the oily and saponaceous constituents of the 
emulsion, and then deposited when these are decomposed, un- 
doubtedly accords best with what we know of its properties; 
bat this is a point which requires further investigation fur its 
settlement 

5 30. Wo have hitherto traced tlie course of fatty metaraor- 
pho&is mainly as it occurs in individual cells. AVe have yet to shoiv 
bow iho phenomena of tlic process are modified in accordance 
with tlie primary modifications in tlie form of the corpuscular 
protoplasm. These modifications are, of course, purely jiiorpho- 
logical Thus, for example, we cannot expect the aggregation 
of fat-granules to be perfectly spherical when tlie original cells 
ore stellate, with long processes ; fai- removed, therefore, from 
) primitiye spheroidal type. We may take the degenerated 
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connective tisBuo oorpiiscles of the iimermoBt tunic of the tcbsgIs 
as an example of the polygonal figures in which the granules 
may congregate. In hke manner the fibres of unstriped muscle 
retdn their primitive spindle shape after they are converted into 
masses of fat-granules. 

The protoplasm of the fibres of striped muscle has a pecu- 
liarly complex form, which is retiuned even afler their &tty 
degeneration. 3he doubly refracting sarcous elements {Bomnan), 
which we regard as embedded in the protoplasm, constitute, in 
their longitudinal order, the "varicose fibrillai" of authors; 
and tliese are so disposed in the primitive fasciculus that their 
nodal points and their constrictions respectively he m the same 

Fig 7 





Connective-tiHBae corpnscIeB of 
the tunica intima m a state 
of fatty degeaeration, -xJq. 



Fattj degeneration of fibres of 
striped mnscle, ^. 

planes. Now, if we assume that the space which is necessarily 
lefl vacant in this arrangement of the sarcous elements is occu- 
pied by the viscid protoplasm, we must needs infer that the latter 
forms a system of varicose threads with chamfered edges, 
which are in contact with one another where they are thickest, 
in those planes, therefore, in which the varicose fibrillse are 
thinnest. Larger accumulations of protoplasm exist only in the 
immediate neighbourhood of the nuclei, which displace the fibrillse 
at those points where they are embedded, producing thereby 
fusiform spaces, which have to be filled in with protoplasm. It 
ia in tiieae little conoidal appendages of the nuclei that the first 



PATTY DEGEWBHATION. 



fi5 



I thoM 

■■Bmflt 

r that 

fatu 

I of an 

I mcnt 



wil globules make tlieir appearance. We see tliem arranged 
in very fine and delicate beaded rows parallel with the long axis 
wf the primitive faaaeulus, and coinciding precisely with the 
varicose threads of the interfibrillar protoplasm. Tlio transverse 
stria? which, after all, are merely due to the uniform arrangement 
of the more highly refracting particles, must naturally grow 
indistinct in proportion aa the yet more highly refracting fat- 
granules predominate, and so impair the eflect of the groups of 
disdiaclasts on light {Brucke's disdiaclost groups — sarcous ele- 
ments). In very advanced cases of the disease we see nothing 
but the oily </<^rtf, contained, like some fluid, in tlic tubcofsarco- 
lemma (fig. 7), 

^ 31. Tlie physico-chemical pracesses which underhe the fatty 
degeneration of cells have not, as yet, been very clearly ascer- 
tained. We may, however, repudiate the notion that the oil 
globules penetrate into the interior of the cells from witliout ; 
against tliis view we have the fact that muscular tissue in a 
moderate state of fatty degeneration does not contain a higher 
jMTcentagc amount of fatty matter than normal muscle, Tlie 
only remaining alternative is that the oil globules are generated 
in the cell itself. But are tliey to he viewed as the result of 
some disturbance in the nutrition of tlie cell, or as products of 
the decomposition of its substance ? Tlie most likely hypothesis 
is that we have to do with phenomena diametrically opposite to 
those which accompany cell development. Wo know from the 
{position of the yelk that tlie material of which the cells arc 
ilt up consisb of albuminous compounds, with a rich admix- 
fatty matter. Further, we Icam by chemical analysis 
that healthy muscle contains a considerable proportion of invisible 
fatty matter ; so that we arc justified in assuming the existence 
of an araalgam-likc compound of fat and albumen in cells. 
""atty degeneration would thus be a ''decomposition" of this 
lalgam, the liberated oil appearing m tlie protoplasm in tlio 
of globules of appreciable size, Tlie simultaneous enlarge- 
ment of the cell is explained when we reflect that tho same 
i^oaniities of fat and albumen recjuiro more space when separate 
(ban in tlicir previous state of intimtte combination. 

i 32. The minuto changes which fake place in tho distal end 
of » divided nerve would powerfully corroborate tlie views 
emmciated above, were it clearly proved that the coagulation of 
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the Jien'e^medullii desorlbed in § 16 ought to be regarded as tlie 
first st^ in the diwooiation of an amalgam of albuminoid aud 
fatly matter. For, by the oonimon consent of a11 those aotbors 
who have oocupied tJwwiwelyeg with this subject, the eubsoqueut 
changes are only a ooatiuuation, or, in other words, a carrjing 
out of iltat atill enigma^cal pbenomenon. 

_ ^ Ibe IsrgB dark-bordered drops of my- 

elin break up in the coarse of from two to 
four weeks into globules of progresmvcl j 
smaller bizq, wliiuh can no longer be 
diatingoishQd from oil globules, either 
by their microscopical or their mioro- 
obemical oharactera. Side by aide with 
them minute protein molecules of a paler 
tint make their afi^earance ; a (atty end 
granular dttrihu rosolts, which remains 
encloeed for a time in the tubes of 
neurikHnma, and is ultimately abserbed. 
!rhe axis cylinder remains intact for 
abont six weeks in the disintegrating 
medullary sheath. If at any time 
flb^^^*"^- T^ daring this period the connexion of the 
nrt of a divided oer0- periphend portion with the central 
&o^mal nerve, a. gtump is je-Bstablitihed, the sheath fills 
After three wn have ..i , ,1 ,, , ,, 

el^MBd; 6. iftor a "Sf^ *"*" modnllary matter, and the 
foitnigbti e. After axis cylinder reaumee its intemqited 

^^^J^f'-fl'^^ fimctiona; in the coattaiy event it 
two months, t>^. 1 j u: 

neoomes granular and spnte up, even 

befmv t^ absorption of the oily ddhrit is quite aocompUshed. 

The emp^ neurilemma now collapses into longitudinal ftdds, 

exhibiting here and there an elongated mass of fiit granules, in 

the interior of which a nucleus may be demanfltraied with 

carmine. 

5 33. Ihe fiatty grsmilar metamoriJiosie, or eaaeation of cells, 
may oonTeniently be regaided as a variety of £it±y degeneration. 
Tha latter 'term is that choaen by FtrcAou,- it is based upon a 
close resemblanoe between the yellowish white, dense, homo- 
geneous, rotten, or greasy mass, which is the final product of 
this metamorphosis and certain sorts of cheese. 

It used formerly to be thought that the substance in question 
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ecaald only resnlt from aQtccedent tuberculous disease ; it used 
to bo viewed as b. direct excretion of Uio malerles moiii from the 
bl«0:l) and -wae Lence demomiuatod " ci-ude " or '■ raw " tubercle. 
The term " tuberculisation" was nearly synonymoua with what 
vieTioK oatl caseation. RatJiard wae the first to overthrow the 
faelwf in tlie specific character of ihis dqioeit; he erred, iiow- 
ever, in declaring it to -consist invariably of inspissated pus. It 
mu TeBenred for Virciuno to place tJie matter iu its right light, 
Xff descrUiiog ^ choesy nccrositi " as a tolerably wldeEproad mode 
of degenenvtion of tissues rich in colls. 

4 34. The reader will recollect that in describing fatty meta- 
raorphosia, I stated that tbc presence of a certain quantity of 
water wats essential for the actual disinl«gration of the oells, in 
unler to diasolve the albuininoiLl material wliicli held tlio oil 
gh^ntlas of tlie giiuiule cells togetlier. Should this fluid be 
wanting, >s h^pens when large masses of newly formed cells 
arc traversed hy few or no pervious vessels, tbe process of fatty 
inetamoqihosis is somewhat modified ; tlie two modes standing 
in much the same relation to one another as that in n hich dr^' 
pngrene stands towards tjie moist variety. The cells dry up, 
they ihrink into comparatively small, shape-less, mostly angular 
bodies, in which, besides the oil globules, n considerable number 
of granules — the so-called protein molecules — uiay bo distin- 
goiriied. Tiie less tlie amount of water ))re!^ont, thu more docs 
tlie wkole wither into a dense, yellowisb-whito mass, in which 
tbe rsnuuDts of cells can bo donionstrated, even af^r the lapse 
of yean. True, we arc unable to restore tlie wjtliercd cells to 
their old shape bj the addition of water; this nsuaily breaks up 
tbe molecolar aggregates, forming a sort of emulsion. Similar 
fliwnges ocoar if the cheesy matter sh&uld subsequently absorb 
moisture and soften in the organism itself. 

This constitutes, as we shall see lieroaAer, a most destructive 
c^usodo in tbe history of tuberculosis ; tlie softening occurring 
In' prefereaoe in such portions of tlie cheesy de|>09it as come to 
tbc snr&ce on the walls of the internal cavitios of the body, 
wbodKT in the respiratory fir digei^tivc ti-act, and arc accordingly 
e^KMwd to other sources of moisture besides Uio nutrient juices 
in whiali they are batihcd. In parts which do not communicate 
with free surfaces, as in the lymphatic and mesouteric glands, 
llie brain, and spinal cord, softoning of tlie cheesy 
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deposits is &r less eommou. On the contrary, an increase in 
density, a true petrifaction, often ensues, especially in cheesy 
lymphatic glands, owing to a deposition of calcareous salts in 
their interior. 

§ 35. In conclusion, let us glance at the causation and the 
distribution of fatiy metamorphosis. In the foregoing para- 
graphs we have often had occasion to touch on these points; 
now, therefore, we may content ourselves with a general review. 

First, dien, we may regard fatty transformation as being a 
regular mode of the retrograde metamorphosis of many tissues 
which are subject to rapid nutritive change. Among these, the 
epithelial structures naturally take a leading place. If we 
moisten the surface of any serous membrane and scrape it with 
a scalpel, the fluid we obtain will seldom fail to exhibit a certain 
number of epitlielial cells which have midergone fatty degenera- 
tion, side by side with others which are perfectly normaL 

The epithelium of the mammary and sebaceous glands is 
peculiarly liable to undergo fatty metamorphosis in the ordinary 
course of events ; so also that of the lungs, and the renal epi- 
thelium of dogs and cats. Whether the white blood corpuscles, 
on completion of their span of life, finally succumb to fatty 
degeneration, is a question which must be left open; it is an 
undoubted fact that a certain number of granule cells are con- 
stantly met with in the blood of amphibia ; but these may of 
course have originated in the epithelial lining of the vessels. 

The fatty metamorphosis which forms an element in senile 
decay is intimately connected with the above varieties. The 
enfeeblement of nutrition due to old age is especially manifested 
in parts where arrangements for the transport of nutrient 
matter are most complicated by nature, and in a certain sense 
most difficult 

I allude, of course, to those great tracts of non-vascular tissue 
which occur in cartilaginous organs, and the transparent media 
of the eye. Hence it is that we so often find the cells of the 
laryngeal and tracheal cartilages in old people in a state of fatty 
degeneration, the capsules being occupied by one or more oil 
globules. To this group also belongs the arcus senilis, a fatty 
degeneration of the corneal corpuscles adjoining the sdero-cor- 
neal jnnotioni and the genndoxon lentisy an opacify situated at the 
^ of the posterior sor&ce of the nudeoa of the crystalline 
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lens ■with its cortical portion ; an opacity which remains stationaiy 
for a long time, but which ultimately results iu Uic formation of 
grey eataracL 

But the non-vascular tissues do not stand alone In tliis respect ; 
nearly all the tissues of the body, nay, even tlie vessels them- 
selves, are h'able to fatty degeneration in consequence of old age 
and analogous conditions of debility due to exhausting diseases. 
The muscular substance of the heart is especially subject to this 
morbid change. 

As this, however, is not the place for an exhaustive treatment 
of the subject, but only for a general review of it, I hasten on 
to the last and most important — namely, the exclusively patho- 
logical category of fatty metamorphoses. Tiiis includes all cases 
of disproportion bchveen the means of nutrition and the paren- 
chyma to be nourished. Such a disproportion may be caused either 
by a diminution of the mitriena, or by an increase of the nulrien- 
dum. If a miimte vessel in the brain is plugged, the circulation 
in the area which it supplies is not wholly suspended, owing to 
the manifold anastomoses with neighbouring vessels; neverthe- 
less, a very considerable retardation of the cuiTcnt takes place, 
which may even give rise to temporary stasis, and to hiemor- 
rhage ; and this suffices to disturb nutrition, and so to cause fatty 
metamorphosis (j'ellow softening). 

Tlie disturbance in tlie circulation, associated witli inflam- 
mation, exercises an influence not less hurtful upon the nutrition 
of parts. Here, too, tlie amount of pabulum is inadequate. 
Moreover, inflammation combines this with another cause of dis- 
turbed nutrition, i.e. an increase in the amount of parenchyma 
requiring nourishment. Tlie mere cedema of the latter acts in 
this way; but the chief factor in the production of retrograde 
metamorphosis is in this case, as in that of many tumours (;.</. 
cancerous and tuberculous formations) the massive proliferation 
of corpuscular elements. 



a 
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, Cloudy Svielliny. 



d 36, We give this name to an acute swelling and granular 
dondiness of the protoplasmic mass, which appears to depend 
on the precipitation of certain albuminous matters held in solu- 

I by the juices of the protoplasm. The change varies in 
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degree from a slight^ finely granular clondinesiy without any in- 
crease in volome or alteration in shape of the cells^ to a granular 
ojiaeity which entirely conceals the nuclear structures, and is 
associated moreover with a very marfciBd enlargement and filling 
out of the corpuscular elements. The granular matter is dissolved 
by acetic acid ; this renders it impossible to mistake the change 
in question, at least in its eariier jstages, for fiit^ metamor- 
phosis. At a later period such a mistske is all the move likely 
to occur, inasmuch as the cloudy swelling, unless checked at once, 
the cells being restored to their normal ecmdition by soIutioQ of 
the contained granules, passes direetly into fotty metamcHphosis 
and consequent disintegratifm. 

S 37. The pathological ngmfieanoe of cloudy swdling was 
interpreted by Virchaw, who was the first to describe the process 
(in the year 1850) as a nntritive irritation of the cells, ie. 
a stimulation of the odls to absorb an esoessive amount of pabu- 
lum. It is still admitted to be a consequence of the irritation of 
cells; and it is notorious that the direct aeikin of varioua mineral, 
vegetable, and animal poiscms is capaMe of producing doudy 
swelling of the glandular epithdia. (See Parendiymatous Inflam- 
mation of Liver and Kidneys.) But tibe question whether the pro- 
cess is active or passive in its nature tends mere and more to be 
answered in the latter sense ; so that for my own part I am 
inclined to suppose a kind of corrosive action, in consequence of 
which the albuminous matters, held in solution by the protoplasm, 
imdergo coagulation, and beeome visible as minute granules ; the 
phenomenon being in this respect analogous to rigor mortis. 

c. Mucous Softening. 

§ 38. This constitutes another of the ^^ conditions of involu- 
tion" to which the tissues are liable. The group of dianges 
embraced under this head involve a gradual lique&ctiott of tissue, 
rendered possible by the passage of the insoluble albuminous 
matters which constitute the cellular and intercellular substance 
into soluble modifications. Among the chemical compounds 
whidi iresult firom this transformation, nmem takes a prominent 
plaee, inawnnrii as its capacity of swelling by imbibition makes 
it oooopj a relatively laige amount of space^ and so rendars il. 

to the naked qna, 
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'8 39. Tlie clii'iiiistry of mucous softening needs only a pasaing 
mention nt oar hnnib. Taken broadly, it is founded on thoso 
protean clianges wln'eli tlie nitrogenous, liistogenetic sabatEuiees 
nndergo in tlie interior of our organism, and which maniiest 
themeetves to ns as so many variations on a given fundamental 
theme, a theme for which our search has hitherto been frnitless. 

The soluble pei'tones and alkaline albuminates contained in 
tiie gastro -intestinal tulw are primarily converted into the seral- 
bumcn of the blood. Tins accompanies the nntrient fluid into 
the parEuichyma of all tlie organs, and, on becoming solid, serves 
as material for tlie consti'uction of tlie tissues. We find it, least 
modified, in tlio protoplasm of the cells ; while the collagen and 
chondrigen of tliL' intercellular substances differ markedly from tho 
albnnujiates in their reactions, and may hence be termed albu- 
minoids. Tlie ti;anB format] on into mucin whicli collagen and chon- 
drigen undergo during mucous softening, renews their affinities 
with albumen ; mucin, however, contains no sulphur ; in other 
I'espects it exhibits an unmistakable analogy to tlie albuminates, 
both in its elementary constitution and in its belia^'iour towards 
alkalies. All natural ftolutions of mucin have an alkaline reac- 
tion ; indeed mucin is soluble only wlien combined with a fre» 
alkali. For if a solution of mucin is treated with acetic acid ib 
grows viscid in proportion to tlie amomit of alkali neutralised, 
until at length it separates in tliick flakes. It is this last pro- 
perty which more especially connects mucin with the albuminates. 
For these, too, occur only in the alkaline fluids of the organism, 
and we know that some part of them at least is lield in solution 
by free alkali. This port beliaves .almost like an organic salt, in 
which tlio place of tho acid is taken by tlie albuminous l>ody 
(acid-albnmin of Panum) ; henca it is t«Tned alkaline, or sodic 
albuminate. 

,!Erue sodic albuminate thus constitutes the firstand Inst mem- 

of the series of metamorphoses associated with mucous soften- 

This gives a high degree of probability to that affinity 

between mucin and the albuminates on wliichlhave already laid 
stress. 

Sodic albuminate differs from ordinary albumen by its greater 
wlubilitv in water, .ind also by the greater readiness with wbidi 
it parts with its water. If crj-atals of common salt are placed in 
a-flnid containing an alkaline albuminate, the latter separates as 
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a white, finely granular scum in proportion as the salt is dissolved. 
To this property must also be ascribed the readiness with which 
tlie so-called ^^ casein pellicles" form on the surface of solutions 
of albumen in alkalies^ when these are evaporated ; casein, ac- 
cording to the most recent researches, being identical with alkaline 
albuminate. The production of this substance is, therefore, the 
last step in a cyclic series of metamorphoses which begin with 
the conversion of the casein of milk (lactation) into the albumen 
of the blood (the material of which the cells, and the collagen and 
chondrigen of the intercellular substances, is built up) ; these in 
their turn passing into mucin, and so back again to casein. Phy- 
siological chemistry can point to more than one series of this 
kind. The albuminates may be converted into mucin directly, 
without passing through the intermediate stage of gelatin-yield- 
ing matter, as is proved by the development of mucin in the 
epithelium cells of mucous membranes. The mucin stage, too, 
may be omitted ; we saw this in tlie case of fatty degeneration, 
when the protoplasm of the cells was transformed directly into a 
substance soluble in alkaline fluids, which served to hold the oil 
globules together. On the other hand the place of mucin in the 
chemistry of softening may be taken by other albuminoid 
bodies ; as, for instance, by pyin, which is developed, together 
with mucin, during the purulent liquefaction of connective tissues. 
The enigmatical albuminoid basis of colloid degeneration also 
belongs to this series ; it will have to be considered separately. 

§ 40. In proceeding to discuss the morphology of mucous 
softening, we are met by two leading problems. What are the 
phenomena attending the disintegration of existing tissues ? 
What new forms are produced by their metamorphosis ? 

To the first of these questions we find a definite, though per- 
haps inadequate answer in tlie history of mucus-formation on 
the surface of mucous membranes, and in that of the softening of 
cartilage and bone. 

It is an established fact that the mucus which covers the 
surface of our mucous membranes is produced on the spot by 
epithelial cells. By adding a sufficiency of water to the detached 
epithelia, the formation of large spherules of clear mucus in the 
interior of the oellfl may actually be followed under the microscope ; 
ihej poih aside the otfier cell contents, together with the nucleus, 
maldng them look like mere appendages ; they finally escape, 
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ring tlio bodj' of the cell in a very mutilated condition. This 

simple experiuiL-nt Is enough to demonstrate tbo presence of 
muciis in tbo interior of the epithelial cells. We are tempted to 
see analo^es between tlie development of mucus in the proto- 
plasm of tlieso cells, and the cornitieation of epidermic colls ; and 
the chemical similarity betivccn mucin and keratin yields especial 
weight to this view. 

Then indeed the development of mucus might be conceived as a 
mncous transformation, and we might even assume with Fretichg, 
Donders, and 0, Webei; that a given quantity of secreted mucus 




Softening i.l' (.uiu.un^-. VtiiK,.. B.-ciluii l1jluuj,'U an articular 
cartilage in senile arthritia (malum sonile articulomm*, ],\i. 

ivpresents a proportionate shedding of epithelial cells, that the 
epithelial colls are actually shot! during tlie development of mucus. 

I cannot give an unconditional assent to tins doctrine. I 
ioeline rather to tlio belief tliat the mucus la, as a mie, simply 
extruded firom tJie cells, and that a total transformation of cells 
into mncus occurs only in exceptional cases (as e.g. in mucous 
catarrh). 

§ 41. Tlie visible phenomena attending mucous softening of 
the matrix of cartilage are physiologically exemplified in the sj-m- 
1 and inter-vertebral cartilages. Luschka has justly cliarac- 
3 
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terised the changes canaed by age in the last mentioned Btraetnres 
as tending to prodnce an imperfect articolar cavity (Gdenkhohle). 

The cavity is produced by a gradual softening of the eartihi- 
gindds investment (uberzng) of the opposed sorfiices of adjoining 
vertebral centra. The anat4)mical appearances presented by tiiis, 
as by every other form of softening in eartOage, axe hi^y 
characteristic. The homogeneous matrix exhibits dari^ stris 
at right angles to theftee surface, which prove at a later period to 
be the initial stage in the splitting up of the tissue into fibres. 
The real fibrillation then ensues, beginning at the firee snrfiKO ; 
the individual fibres separate irom one another and float loosely 
in the articular fluid ; their free extremities soon become acumi- 
nated and terminate in blunt points. It is here that the inter- 
cellular substance undergoes solution in the course of mucous 
softiening. The accompanying process in the cartilage cells ex- 
hibits the characters of a progressive, not a retrograde change, 
inasmuch as a proliferation of cells by fission takes place; 
the result being, that instead of single cartilage-cells, 
groups consisting of fi:t)m two to twenty cells are formed. 
These cell-nests, surrounded by a capsule and a residue of inter- 
cellular substance, mingle with the fluid products of softening, 
where they undergo colloid degeneration.* 

The process of softening in bone tissue is complicated by the 
necessity for a previous solution and removal of the earthy salts 
with which its matrix is impregnated, before the liquefiiction of 
the matrix itself can begin. We often find, however, that these 
two processes, viz. decalcification and liquefaction of matrix, are 
so nearly simultaneous, that the bone tissue at the limit of 
absorption is bounded by aperfectly sharp line, curiously indented,! 

* I cannot assent to K6lliker*t ingenious theory, according to which 
the numerons white corpuscles which may be seen, even without the aid 
of a microscope, in the central jelly of the inter-vertebral discs, aro 
descended from the original cells of the notochord. From the analogy 
of morbid softening of cartilage, I regard them as being noeto of cartilage 
cells liberated by softening of the matrix, and subsequently affected by 
colloid degeneration. 

t What are known as HoKship't lacunae (fig. 10) are due to the un- 
equal rate at which the decalcification of the osseous tissue proceeds. 
The direction of the stellate processes of the bone corpuscles, with refers 
to the smfc e e from which resolution is proceeding, seenu to emrt 
sort of goidinginflneBce in the matter. (Cf. DiieaMS of Bobs.) 
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[ that no peculiarity iii the process of disintegration can be 
In one case only, diat of tbe atrophic disease of bono 
long known as Osteomalacia, do ivc find the solution of the 
«arthj salts separatwl by a com)Kiratively long interval of tinte 

It the Itqncfaction of the ossein (bone -cartilage). 




I OBsium : Bplinter from tbe epoiigj subEtaace of 
A rib affected with tbe diaeoBe. <i. Normal bone tiasae; 
b. Decalcified bone tissue; e. Haversian canals; il. Mednl- 
Iw^Bpaces; d*. A medullaiy space filled with red marrow: 
the liiinina of the capillary veHtelH arc gaping, j^. 



^f In mdlitics ossium, therefore, we are able to demonstrate in 
CBch trabeciila of spongir' tissue, or of compact tissae which has 
become spongy, a broad zone of decalcified ossein surrounding I 
the hitherto unaltered bone tissue on all sides. The ossein, which 
is now the imraediate subject of the liquefactive process, exhibits 
a striation jwirallel to the lamellx; and this striation must be 
rcganlet! as analogous to the parallel dark lines which we 
described in the matrix of softening cartilage. That the 
Htriation is a sign of incipient fibrillation in this as in tlio 
former ease, we gather from the widonce of cases in which 
the bone tissue wastes and disappears under the [iressure of 
tumours growing in its immediate neighbourhood. If we 
bone in the vicinity of such a tmnour, by 
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removing tbe pericMtaiim, and then breaking off chips of the 
i-ompact tisane with pincers, and putting tbem under tfie micro- 




CoriTenion of bone into cosnectire tisane : » chip taken 
from » atemtim wuting tmder the fovseiire of an. aortic 
Muranam. a. Kornul bone tisane; b. Bone tissue deprived 
of ita earth; Mtlta and breaking up into fibrilbe, ^. 

ffnjic, we may satisfy oarselves that tlie decalcified bone tissue 
jiftMWM flirwjtly into fibrillar connective tisane. I have convinced 
myiwlf, by the examination of an exqoisite specimen in tlie 
I'athologir^al Mutwnim at Giessen, that capsular membranes of 
tnni nonnertive tiasue arc developed in the interior of bones 
arrntn'l cmtrefl of softening in osteomalacia, br a metamorphosis 
exartly similar to this. Within these capsules the mednllarv 
riaanf!, transfonn«d into a reddish pulp, passes by iusensible gra- 
dations intf> a thin, colourless serum (cystoid degeneration of 
Iionrj, 

i Ai. The facts in the preceding section, drawn from the 
morliid anatomy of atrophic changes in bone and cartilage, com- 
priae wliat little wo know of the visible phenomena of softening 
in intercellnlar su)>8tances generally. They consist for the most 
(«rt of simple tumefaction with obliteration of tlie old forms. 
We are far more thoroughly acquainted with the nen' forma 
which result from the presence of mucus in the various organit 
and tissaca. 

Hnctis IB ct^iable of great increase in bulk by imbibitioti ; 
the smallest quantities of it suffice to saturate a relativclv 
torgc amount of water. Such saturated solutions var^' in cou- 
wMnuPf from a riscid jelly to a glutinous syno^-ia, which can be 
ixvwa oat ID thraids. 
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f*It is still doubtful wlicther \vc are justified in calling them 
" solutions ;" some authors wholly deny tho solubility of mucus 
in llio physical sense of tho term. So much is certain, that 
mucus is a member of the colloid group of Graham,' and that 
among colloids it takes a leading place. Mucus possesses hardly 
any diffusive power ; this property Las important bearings on its 
development iu the organs generally, and it is of especial moment 
with regard to softening. Wo may assert, from an a priori con- 
sideration of its colloid nature, that mucus, as such, can never 
pass from the blood-vessels into the tissues, or from the tissues 
into the blood-vessels. The homogeneous wall of the capillaries 
would not allow it to pass in either direction. 

Now, aa we never tind any tracB of tliis substance in the 
blood, we are justified in assuming that mucus is invariably a 
local product, and that it will remain wliore it is first formed 
until it is either removed mechanically, or transformed into some 
material capable of being absorbed. 

Tliis incapacity for reahsorption is of littlo momont when tbo 
development of mucus takes place on a free surface. To this 
category belong not only the physiological secretions of mucous 
membranes, in which the epithelial cells act as mucus-secreting 
organs, but also some of those processes which come under the 
head of softening, f.ff. the mucous metamorphosis of fibrinous 
false membranes, and other fibrinous dejwsits occurring in the 
course of inflammatory disorders of the respiratorj- tract. But 
tho incapacity for reahsorption displayed by mucus gives rise to 
marked and characteristic morphological effects when mucus is 
developed in the interior of the body, whether in a closed cavity 
or as a substitute fur tissues which ha\'0 undergone destruction, 
as in the case of tlio softening which we arc now considering. 
In sudi cases it qualifies mucus for the fulfilment of a task which 
is performed in a higher degree only by "colloid" matter. It 
enables it, namely, while itself amorphous, to form an integral 
constituent even of permanent textures, serving to fill up all in- 
terstices with its semi-fluid substance. 

•"jVunaloo dcr Chcmio ii. Pharmacie," Bd. 121,8. 1, Gmfcu'i draws 
attention to the difierence in dilTusive capacity between colloids and 
crystalloids. The crystoUoida diffuse rapidly and with case ; tlie coUoida 
little or not at all. To tho latter category belong gum, itarch, deitrii 
I, albumen, and gelatin [Ltintetoffc). 
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In th'iA connexion the deveIoi>ment of mucous tL»ae takes a 
leariing place. Following Virc/iawj we apply the name to a con- 
nective tiMue whose matrix has undergone mucous softening, and 
whose corjinsoular elements, owing to this softening or ^' swell- 
ing bj imbibition,'' are pushed asunder to some extent, with- 
out necessarily undergoing any alteration in tlieir form. Mucous 
tissue is much more widely distributed in the embn'o at an early 
stage of Its development tlian in the adult organism. The whole 
of tlie suFiCutaneous areolar tissue is primarily a subcutaneous 
muncAifk tissue. At birth, apart from the Whartonian jelly of the 
umbilical cr>rd, we find only one portion of residual mucous 
tisAue, hut that an important one, in the vitreous body of the 
eye ; this retains a singular stability of composition to the end 
of life. 

In tlie |>athoIogicaI field the production of mucous tissue is 
far more manifold. We have tumours (Myaomaia) wliich are 
wholly marie up of mucous tissue ; and others, such as enchon- 
dromata, li[>omata, and sarcomata, which undergo a secondary 
conversion into mucous tissue. Mucous tissue is a constant ele- 
ment in s^-jihilitic gummata, and it is occasionally found in 
fun;(oid granulations and other growths of an inflammatory 
origin. We defer a detailed consideration of these various 
modes f if its production till we begin the study of inflammation 
and tumours. 

Of the remaining morphological eftects due to the incapacity 
of mucus for reabsorption, wc need allude in this place only to 
its q/stie and cystaid deposits ; the former determined by occlusion 
of the excretor}' ducts of glands, the latter by circumscribed 
softenings of tlie connective substance. The latter form, with 
wliich alone we are now concerned, differs from mucous tissue in 
its mode of origin. Tlie cells take a less neutraK and more of 
an active or passive, part in tlie process, in consequence of 
which tliey may eitlier assume greater mobility, appearing as 
floating elements in the ^^ fluid products of softening," or they 
may undergo complete destruction. 

S 43. Our ignorance of the conditions which determine the 
oocurrence of mucous softening is nearly absolute. Were it not 
for the fiMst that it converts things possessing a sharply defined 
anatomical form into substances which are amorphous, liomo- 
genaousi and capable of absorbing fluid, we might feel doubts 
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about iucludiitg niucouH softening among tiio varieties of retro- 
grade metainorpliosis. Tlie clmractoristic fact remains, that 
mucoaa goftcning of tlic connoctivo tissues may take place on the 
oae IiaJiJ, witiiout any important alteration in tlie form and 
arrangement of the cells (mucoiis tissue), and on the other hand, 
L connexion with the most various progressive and retrograde 
3 in thorn. 



PD. Colloid VegeneralioH. 
% 44. Wo come now to the last member of tlie scries of 
" Conditions of Involution " to whicJi tlie tissues are liable. 
CoLLODJ DEGENERATION is closelv rekted to mucous softening. 
Their respective appearances, both naked -eye and microscopic, are 
in some specimens so much alike, that a long period elapsed before 
men Icameil to distinguish between a connective tissue whose 
matrix had undergone mucous softening and one whose cells had 
undergone colloid degeneration. The superficial resemblance 
between the two, gave rise to the greatest confusion in the 
nomenclature of tumours; the terms colloid, collonema, sar- 
coma gelatinosum, hyalinum, carcinoma colloides, being indis- 
criminately applied to one or otlier variety. What is tlie basis 
of this similarity 't Wo find in eitlicr case a transparent, swollen, 
tremulous jelly, traversed by a network of fibres. Now, the 
mere discovery that in the one case the network was made up 
of stellate anastomosing cells, while in tlie other it consisted of 
tlie residue of a fibrillated matrix, suilieed to compel the sejjara- 
tion of colloid from mncous tissue, a separation which was 
justified by further researches. In tlie first place, colloid dege- 
neration is characterised by Uie presence of a chemical compound, 
diSeriug from mucin by Its neutral attitude towards those re- 
agents which act upon mucus, e.g. acetic acid, as also by its 
elementary composition, which places it among tliotic albuminates 
which contain sulphur. 

Not less important for the independence of colloid degenera- 
tion is the fact that, in its first stage at least, it is always a 
metamorphosis of colls. 

Tliis brings us at once to the essential feature of its 
anatomy. The only form in which colloid matter presents 
itself to the microscopist is tliat of a colourless, transparent 
ibnle, with an oily lustre, the so-called "colloid sphere." How 
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.//iSiifA out with reference' lo ilie l-xII i:Tou:'6 of the ii'/v'w/.' <7f7t/- 
f*t*o>'iJt '^iu:T they have undergone o^^loid degeneration (§41). 
Th'; jrr'Att-r the size of the jviniele the more marked is its 
utu\^:r tint, itA transpareney. and its tremulous, jelly-like quality. 
Hat t}K:«e [irofierties only last until the partiele reaefaes a certain 
hlxe^ UT^ to ffpeak more accurately^ a certain stage of develop- 
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meat. The substaiiL-o tlien nssuinos more of a viscid character, 
and finaUy becomes quite fluid. The ultinwte cliemical produet 
of colloid metamoqiliosis is, like that of mucous softening, sodic 
albuminate; its morphological i-esult is eitlier a single, fimootli- 
walletl cyst, or a complete system of intercommunicating cyst", 
(lie so-called " alveolar atructure." 

To understand this we must reuiemher that in the patholo- 
gical development of colloid matter (colloid cancer) a great 
nonber of colloid foci originate in close proximi^ to one 

I ano ther. 

■^K FiQ. 




Section from » colloid or alveolar cancer, ^g. 
The matrix of the coimective tissue in whicii they originate 
suffices for a while to keep the individual colloid granules apart ; 
hut as their size increases, the partitions between them waste, 
the partial or complete fusion of neighbouring cavities resulting 
in an irregular, loculose subdivision of the disposable sjiace, which 
may very fairly be compared to tlie alveolar structure of the 
pulmonary parenchyma (fig. 13). (Cf. tlie section on Colloid 
Cancer.) 

^^^^■45. The degenerations whidi come under tliis head are less 
^^^^^y to he called "retrograde metamorphoses" tlian those 
I wUch we have hitlicrto discussed. 

The aftected structures retain their external form even in 
advanced stages of morbid change ; they retain it, tliat is, to such 
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an esEftent, that no question can ariae as to tbe identitj of parts in 
tlieir onaltered and in their altered state ; odls can rtill he recog- 
nised as eells, vessels as vessek, &c. In harmooj with tfais is 
tlie tadj that thev never entirely lose their physiological capacity, 
tliongfa in this respect the greatest differences exist; for iriiile 
amyloid and ealcarcoos deposits are associated with an impair- 
ment of functional power of the most extreme kind (amounting 
in some cases to a ^^ vita minima '*),' pigmentary and fatty infil- 
tration are home with comparative ease. It cannot, however, 
lie denied that a definite impairment of functional capaci^, pro- 
portionate to the degree of the alteration, occurs in all cases, 
and this obliges us to reckon them among the retrograde pro- 
cesses. 

All the members of the group have one leading feature in 
common — the abstraction of certain materials firom tlie blood, 
and tlieir deposition in the tissues. While other constituents of 
the nutrient fluid pass the cells and other structural elements by, 
without leaving any trace of their presence, these matters are 
retained, as the deposit is retained upon a filter. One of the 
main conditions of this phenomenon is an abnormal accumulation 
of tlic morbid material in the blood. 

In many cases, therefore, there is a simultaneous or antece- 
dent cliange in the composition of the circulating fluid, a dys- 
crasia, which manifests its presence, apart from tlie clinical 
phenomena of the constitutional disorder, by causing the ana- 
tomical lesions in question in the most various parts of tlie 
organism. Tliis association with a dyscrasic condition of the 
blood may l)e recognised even in the histological details of the 
process ; for the singular circumstance that the minute arteries 
and capillary vessels are the first to undergo infiltration does not 
admit, in my opinion, of being otherwise explained. It is 
li'^re tliat the" centrifugal current of nutrient fluid traverses the 
walls of tlic circulatory apparatus ; and should the plasma mm- 
fjuinu bo loaded with a substance prone to l)eeomc deposited in 
cells, connective tissues, and homogeneous membranes, the sub- 
stance in question will have its first chance of being deposited, in 
the parietal elements of this section of the vascular apparatus. 

Besides the antecedent dyscrasia, a great part in the etiology 
of these infiltrations is played by the local predisposition, the 
•liocial state, and the individual peculiarities of the several tk 
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1 tbe organs arc nut equally jittcd fur tlio reception of the 
t m&Usrliil, granting tlic oxistcnco of the Jyscrasia. Sup- 
pose, for oxELitiplG', tlio blood to be loaded witli on excess of 
fatty mutter, wu find tbe liver and the areolar tissue better 
adapted for its reception than any otiier part of tho body. 
Sujqxwe cartby saltu to be present in tbe blood in excess, wo 
find them to be de[)osited by preforonce in the huigs. Amyloid 
degeneration, too, invades tlie organs of the body in a definite 
order, tlio kidneys being first afi'ecte<l, then tlie spleen, liver, &e. 

In cjonclusion, we must not omit to recognise the possible 
operation of purely local causes. These are especially traceable 
in the case of pigmentary metamorphosis, which is most fre- 
quently determined by local hyi^ncmia, haimorrliage, and in- 
flammation. A few, tiiougli certainly the most interesting and 
important vnrioties of pigmentation, depend on a constitutional 
disorder, as in tlie case of melanotic and melanKmio coloration, 
and the bronzcil skin of Addison's disease. 

In the course of tho ensuing sections we shall often have 
occasion to refer, now to tlio local, now to the general, character 
of these "infiltrations;" the sole object of these preliminary 
remarks being to direct us to the position of tlieso processes in 
the natural history of disease, and to eatablisli the general 
eharactera of tlie gi'oup as a whole. 

A. Amyloid Ittfiltration. 
tj 4(3. Passing to the consideration of amyloid infiltration, 
lardaoeous, waxy degeneration, glassy swelling (glasigo Verquel- 
lung), we find ourselves at tlie outset in a predicament with 
regard to the definitions given above, inasmuch as we are imable 
to give a name to tlie substance contained in the blood, and 
which transudes &om it into tho tissues. Tho infiltrated matter, 
according to Kthtlifs analysis, is an albuminous body ; one which 
difler?, however, from fibrin, albumen, &c., by turning of a 
bhiish-violet or red colour when acted upon by iodine. It most 
mtly assumes a reddish-browu or maliogaiiy-i'ed tint. This 
, otherwise peculiar to the members of the amylaceous 
1, taken together witli the circumstance that tlie substance in 
qnestJon is occasionally found to occur in concentric corpuscles, 
resembling Oiose of vegetable starch, induced its discoverer, 
i^uiWf to call it "amyloid," Now, if we search tbe blood, 



- 






44 AMYLOID DJFILTBATION. 

even in persons whoso organs arc most widely affected with 
waxy degeneration, for an albuminous substance yielding the 
same reaction, we shall search in vain. Indeed it is only from 
circumstantial evidence that we conclude that amyloid degenera- 
tion is a genuine infiltration. 

Since amyloid matter is capable of being reddened by iodine 
only after it has lefl the blood, it is right that we should show by 
analogy that sin albuminous body derived from the blood, and 
undoubtedly forming one of its constituents, may be converted 
into amyloid matter after it has left that fluid. I believe this 
problem to have met with a satisfactory solution by the inquiries 
of Friedrich and Biernier. Any one who has conducted experi- 
mental investigations on extravasated blood will at once admit, 
that the concentrically-laminated corpuscles fomid by these 
observers in ha*morrhagic deposits in the lungs, are formed by the 
deposition of fibrin round little clusters of blood corpuscles, 
shreds of tissue, carbonaceous particles, &c.* The fact that 
some of these corpuscles exhibit the iodine reaction, proves 
conclusively tliat here at least the fibrin of the blood must have 
been converted into amyloid matter. We must not jump forth- 
with to the conclusion, that impregnation with fibrin is tlie 
essential factor in amyloid infiltration. We need only assume 
that an albuminous constituent of the nutrient fluid may bo 
aiTCsted on its way through the tissues, and dei)osited in a solid 
form. As the chief property of fibrinogen is its persistent ten- 
dency to assume the solid state, this, more than any other of tlie 
albuminous constituents of tlie blood) will have a claim on our 
attention. Indeed, if we follow up die course of amyloid dege- 

* Those interested in the pathological histology of the lungs, will find 
it instructive to bestow a passing glance at the forms exhibited by char- 
coal dust under the microscope. Thoy will see particles which may very 
readily be mistaken for blood crystals, owing to their peculiar spiked 
outlines and their colour, which appears a transparent reddish brown in 
thin layers. Particles of charcoal are found in very many lungs ; for 
their angular shape and pointed processes enable them, when introduced 
by the respiratory act, to penetrate more easily than other foreign 
bodies into the soft parenchyma of the lungs, where they remain fixed. 
The presence of circular perforations renders us absolutely certain about 
the carbonaceoos nature of such pseudo-crystalline bodies ; for these are 
the pores in the dotted cells of coniferous wood {Virchow'i Arehiv, x. 
lUl iiL fig. 5). 
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ion is each individual cafio, avo .-liall Hiid iiiucli in favour of 
8 •nevr ; tlio question Is not, Lowevei-j so far advanced towards 
solution 03 to require furtlier discussion in tliis place. 

)i 47. Let ua glance at the histological ]>benomena of the pro- 
cess. The cell which has undergone amyloid infiltration differs 
6roni a normal cell — first, by ita gi-eater size. It exceeds the 
normal stiindnrd usually by one-third, sometimes by two-thlrils, 
I diameter ; nav, its sixo niav i-\cn lia\-o been dijubled, 




[tfver-cells infiltrated with amyloid matler. c. Isolated cells ; 
b. A fragment of the secreting network in which the bouQ- 
dariei of the individual cells have ccaaed to be visible. 

Tliis increa.so in size is attended by an alteration in shape ; 
the cell grows fuller anil more plump ; its character ia tic outline 
fadea ; its angles are blunted ; the most striking feature, however, 
being its homogeneous, transparent, faintly opaline aspect. The 
nnvleus ceases to be recognisable ; everj-thing points to a thorough 
impregnation of tlic jirotoplasm with a highly refracting sub- 
stance, which masks all inequalities produced by minor dift'er- 
CDces of refractive power. When several amyloid cells are in 
contact with one another, they usually eoalesco to form irregular 
and, for the most part, elongatctl masses, in which the lines of 
demnrcatiDn between the individual elements can no longer be 
discerned. 

5 48. Amyloid iiifiltratioii of the non-cellular elements of the 
tissues corresponds in every respect to that of the cells. The tume- 
faction, the amorphous and homogeneous, glassy transparency, 
are alike in both. This wo may see in structureless membranes, 
intercellular and interstitial substances of all kinds. Were addi- 
tional evidence neetlod in support of our proposition that amy- 
loid degeneration is really an in filtration, we should find it in 
tlie uniformity of its effects on structures wliich are so far apart 
ftom one another in the histological series. But the view 
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in quostion — a view wliicli no oiio vcntttres to diiji 
its most offectnal support from a consideration of the oonree 
taken by tho degenerative process in individual organs. I refer 
tlio reader to those Rcctions of tlie Special Part, which treat of this 
matter, limiting myself here to a description of the change as it 
occuri in the vessels. 

The &ct that the minute arteries, with their arterioles (Ueber- 
^angsgetasso), and the capillaries, are a favourite, and usoally 
tlio primary*, seat of all infiltrations, has been already placed in 
its true light Amyloid infilti'ation stands foremost in this 
res]>ect. 

Fig. l.j. 




Ilalpighiftn tuFt infiltrated with amyloid matter (from the 
kidnej), 1^5. 

In any organ it is the efferent vessels which aro first affi»oted. 
In thc»e, the gradual progress of the infiltration from within 
outwanis may readily bo traced. At some points the intima 
alone, with its homogeneous limitary membrane, exhibits the 
glassy intumescence; at others, tlte muscular fibres are also 
implicated, and assume a peculiar homogeneous, glistening, 
somewhat blurred appearance ; in extreme forms of the disease, 
such as tlioso described by Beckmanii in tho thyroid body, the 
infiltration is found to extend to tlte advcntitia and surrQunding 
connective tissue. 

Tlie inevitable conscqucnco of this degeneration is a propor- 
tionate narrowing of tho calibre of tiio afiected vessela. 

Tlieir lumina are obstructed by the swelling of their walls, 
and the obstruction may amount to absolute ooclnsion. Fig. 15 
represents, a Malpighian tuft of the kidney which has partiidly 
imdergono amyloid degeneration ; it shows how the bine injec- 
tion (and eraiseqnentJy the blood during life), penetntea into 
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those capillary loops only, which do not present the characboristio 
homogeneous and glassy appearance. The mlditioii of iodine 
produces an exquisite alternation of red and hlue loops in the 
retc niirabilc. 

«i 49. In this degonoratiou of tlie ^'essele, wo find tho priii- 
eipal cause of those ahuormalities wliich amyloid organs exliibit 
to the naked eye. 

The njoat marked of tlieso Js the comparative bloodloss- 
ness of the organs. This anxniin is not due solely to tlie 
closure of the vessels by swelling of tlieir walls; it is partly 
accounted for by the greater relative space occupied by the 
degenerated as oumiiared with the normal parenchyma, and the 
consequent comprcKKioii of tlio vessels ; that this is so, is provctl 
hy the case of amyloid inRltratiou of the liver. In tliis organ 
tlie amyloid matter is cliicfly deposited, not in the capillaiy walls, 
but in the hepatic colls wliioh lie between them ; and yet the 
anaemic condition of the waxy liver is as distinct as possible. 

The less tlie colour of an organ dejiends on the blood which 
it contains, tlie more ap]>arent is the special colour of the organ 
itself. This is especially true of organs wliicli ha^'e undergone 
smiyloid degeneration ; in them wo sec the peculiar colour and 
quality (Beschaffenheit) of ttie amyloid matter asserting itself in 
proportion to the degree of the infiltration. Tlic parts assume a 
polo yellow or cleai' grey tint ; tlicy become as soft as wax, the 
pressure of the fuiger leaving a persistent mark. When the 
degeneration is absolutely completo {a ver^- rare phenomenon, 
which has hitherto been observed only in paits of tlio thjroid 
gUnd and the spleen), the comparison with white wax, proposo<l 
"" Virv/iote, is most appropriate. 

§ 50. Tho form of amyloid degeneration described aboie 

.monly follows prolonged suppuration in bone, caries of \or- 
tobne, necrosis, &c.. ; it is not unfrequently associated, moroo\L'r, 
willi constitutional syphilis, more rarely with pulmonary tuber- 
culosis and other cachcxife; all cases in which a pre-exiatent 
ilyscrasia of iho blood may be unconditionally assumed as it« 
l»Lsis. 

I have only a few words to add with refercnec to the local 
occurrence of amyloid matter. Allusion has already been made 
to HiB laminated concretions found in ha:morrhagic deposits in 
-ihe lungs. We eaw that fibrin, after lying for snnio 
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n. Oildncatlim. 

m 

C%ifi6cMXkm plajs a less important part in pathologr than 
ztnyWA degenexatioD. It denotes the infiltration of tissues witli 
calcic plKiiphate and carbonate in a solid form. The most gigantic 
pbjfi^Jogical prototrpe of this pmcess— one, however, whidi 
crxhibita manj peculiar featorcs — is the deposition of calcareoos 
Mltii in the matrix of bone. On the other hand, it mnst be care- 
follj diftingniihed fiom all ciystalline deposits fiom the secre- 
tioM^ If €^0 thoae ooeorring as sediments and incmstatioQS in 
the iifiimy pMngaa. 
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F'Before considering the phenomena of calcareous infiUration, 

we must settle a question, on tlie due answering of ivliich so 
muoli depends, that it may jastlj bo regai-ded ns fundamental. 
How are cnleic pliosphato and carbonate hold in solution by 
tLe blood and the juices of the parenchyma? and wliat may we 
regard as Uio probable conditions which determine their precipi- 
tation iu the tissues ? 

Our answer t« this question is fragmentary. From the intl- 
mat*i combination of minute quantities of calcic phosphate with 
nil the albuminates (the salt remaining afler their calcination as 
a residual ash), wo may infer tliat it is chemically bound up with 
albuminates in all the nutrient fluids of the animal organism, 
■nd that, when so combined, it is soluble in water (Gorup- 
Be»ane:). Apart from this hypothesis we liave the significant 
(act tliat calcic phosphate, and still more, calcic carbonate, ai-e 
soluble in liquids containing free carbonic acid. The blood and 
nutrient fluids of the organism fulfil this condition. Hence it is, 
to say the least, not improbable that fi'ce carbonic aeid is an 
important, perhaps the most importnnt, agent in the solution of 
the earthy salts. 

Unsatisfactory as it is to have to give a hypothetical answei 
to the first part of the question, wo tind ourselves in a for more 
pnzzling predicament when we attempt to give an adequate 
explamition of the causes which determine the precipitation of 
these salts. But the attempt must ncvertlicless be made. Tlio 
roandabout but only effective way to get at a solution of the 
problem is to consider all tlie known examples of calcification 
one by one, with a view to finding out what the various localities 
in which we find calcium salts precipitated have in common ; 
aud, fiirther, how this common property adapts them for becoming 
depositaries of these salts. We must be carefiil to eliminate all 
those oases of calcareous infiltration in which a simultaneous 
renbsorption of calcium salts from the osseous system is taking 
phtce, and in which, therefore, we are led to infer with certainty 
that the blood is saturated with them, tliat there is a true " calcic 
dyscrasia." Snch cases must bo excluded, inasmuch aa it is 
obviooa that, the blood being capable of holding only a limited 
proportion of calcium salts in solution, precipitation must ensue 
at some point or other, afler the limit of saturation has been 
We must confine ourselves to the consideration of ca|- 
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careouB infiltrations of a purely local character, beginning with 
physiological examples of the process. 

§ 52. True bone tissue originates as follows: — ^In a con- 
nective tissue, richly provided with capillaries, which map it 
oat into vascular territories or islets of parenchyma, a compact 
matrix is developed ; it first appears in the centre of each territory; 
at the point, therefore, which is farthest firom the blood-corrent 
The cells, which are already assuming a stellate form, become 
enclosed in this matrix at regular intervals, the matrix itself 
undergoing impregnation witli earthy salts. This typical series 
of phenomena underlies all ossification, whether in membrane 
or in cartilage. In either case the medullary spaces are first 
sketched out in tliis way. The regular repetition of this sequenoo 
of matrix-formation, enclosure of cells and calcification, leads on 
the one hand, to the production of compact bone tissue disposed 
in concentric laminsB round the blood-vessels; while, on the other, 
it narrows the original medullary cavity to the size of a Haversian 
catiul. For the details of the process I refer the reader to text- 
books of normal histology. For us the important point is that the 
earthy salts are first deposited along those neutral lines whioh 
may be looked upon witli equal justice as the limitary or the axial 
linos of the vascular territories. It need hardly be said that these 
lines cross each other at certain points, and must therefore form a 
network resembling that formed by the capillaries themselves; 
this inference being fully corroborated by the examination of an 
osteophyte at an early stage of its growth, or of a cylindrical 
bone at its ossifying border, where it adjoins the cartilage.* 
We cannot but recollect tliat in the parenchyma of other con- 
nective tissues the lymphatics stand very constantly in a similar 
relation to the capillaries. I pointed out, as early as the year 
1859,t that the lymphatics in the tail of the tadpole were in- 
variably situated in those parts of the parenchyma which were 
farthest from the vessels. Since that time the course of the 
capillary lymphatics has been repeatedly investigated, and the 
above statement has been again and again confirmed. (Cf. 
Von RecklingJumseny " The Lymphatics and their Relation to the 
Connective Tissue," Plate L fig. 1.) This arrangement is 
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quite in lionnony witli the function of the lympliatics vs drains 
for tlie removal of supei'Hiious pabulum; tboso points of tlia 
parencliyma towards which the ourreots proceeding in every 
direction from tlie capillaries converge, being furnished with 
adeqaate means of drainage. I will show horeatler how this 
digression may ho brought to bear on the subject now in 
hand ; at present I will only suy thai true bono is one of Uie 
few tissues which are absolutely devoid of lymphatics. 

Just as the limits of the individual vascular territories of 
the young bono are marked out by calcai-eous infiltration, ao the 
bone, as a whole, is separated from the cartilage by a limitary 
zone of tissue infiltrated with earthy salts, belonging half to the 
cartilage and half to the bono ; it is this very zone of caloitica- 
tion which has so long obscured our knowledge of the develop- 
ment of bone. In strict accuracy we must consider this neutral 
boundary as belonging, not to the bono proper, hut to tho sum 
of the outermost medullaiy spaces which lie next tho cartilago, 
and are supplied by the terminal loops of the nutrient artery. 
This is distinctly boqu in that perversion of growth ivhioh con- 
stitutes rickets. In this disease some of the terminal mcdul- 
larj* spaces of the bone penetrate far into the proliferating I.-tyer 
uf the cartilage, which is of unusual breadth. The zone of 
calcification is interrupted at many points ; and even Virchow 
remarked that to make up for this, little centres of calcification 
are met witli liighcr up in the substance of the cartilage, which 
may be viewed as in some sort tho membra disjecta of the cal- 
careous zone. On making a transvorso section through this 
region, we may seo hoiv tlie ontira mass of cartilage is partitioned 
oat into oval territories of unequal size by the said infiltration 
of earthy salts, the middle of each territory being occupied 
by one of tho projecting medullary spaces alluded to above, with 
its axial capillary loop. Here too, therefore, we find tho cal- 
careous infiltration mapping out the vasculai' territories, and 
that in a tisiiue which possesses no trace of lymphatics either iu these 
"lines of contact" or in any other part of its substance (fig. 17), 
I consider myself fully justified in ospressing the view, 
founded on the above data derived from normal histology, that 
peculiarities in the movement of the nutrient juices, and 
especially a certain retardation, or even stagnation, of their 
rhich niav be assumed as likely in tlie said loc»Utie8, 
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owing to the absence of lymphatics, stand in some sort of causal 
relation to the process of calcification. Should this view be 
correct, we might conceive the precipitation of the earthy salts 
to occur in some way like this : the free carbonic acid, to which 
their solubility is due, in consequence of its great difiusive power, 
forsakes the stagnant nutrient fluid, and escapes finom the organism 
by other channels ; while tlie calcareous salts, rendered insoluble 
by its removal, are forthwith deposited in a solid form. 

i 53. Passing next to pathological calcification, we find 
it occurring chiefly as a secondary phenomenon, as a consequence 

Fig. 17. 




Calcification of cartilage. Transverse section through the 
zone of proliferation in the epiphysal cartilage of a rachitio 
•abject, -Ay. 

of inflammation and morbid growth. The earthy matter is 
deposited either in the newly-formed tissues themselves, or in the 
residual parts of the diseased organ, which are surrounded and 
permeated by the products of inflammation and morbid growth. 
To what extent we may be justified in assuming a disturbance 
in the circulation of nutrient juices as the eflicient cause of the 
precipitation of the earthy salts in each single case, we shall see 
when we consider them individually. Calcification may occur 
in various tissues ; in the connective tissues, in vessels, in cel- 
lular and glandular tissues, in muscle, both striped and un- 
striped, but oftenest in cartilage, the pathological coinciding 
here with the physiological order. The cartilages of the larynx 
and trachea are often found calcified, as a result of chronic 
catarrh of the respiratory mucous membrane ; the intervertebral 
mibatances, in consequence of chronic suppurative caries of the 
vertebras; the costal .cartilages of old people are often affected 



CALCIFICATIO^". 



SS 



■ ; fiDally, we often find tlioae small glwbutai- portions 
of cartilage, with which wo ai'o familiar, on the one hand as 
constituent elements of enchondromata, on the other as out- 
growths from articular cartilages and synovial membranes, im- 
pregnated with earthy salts. In every one of these cases the 
calcareous deposit first appears in the central parts of the carti- 
laginous structure, in those which are fai'thcst from tlic surface, 
where the circulation of nutrient fluid is most hindered, perhaps 
even totally arrested. Provisionally, therefore, we are justified, 
on pathological grounds, in assuming that the precipitation of 
c-UcarcouB salts results from a retardation or stagnation of the 
nutrient fluid. 

ti 5i. In studying the uistolooical details of calcareous in- 
filtration, we will avail ourselves first of the admirable example 
afforded by the development of cartilage. Cartilage is a con- 
iiectire substance, made up of cell^i and an intercellular matrix. 
Wo cannot as yet tell why it is that calcification sometimes 
begins in the cells, sometimes in the intercellular substance. 
Suffice it to say that either may be first affected ; indeed, it is 
characteristic of this, as of other forms of infiltration, that the 
most diverse structural elements are liable to bo involved. 

Tho first visible effects of calcification are tlie so-called 
eartht/ granule! (Kalkkriunol) small, roundish or angular particles, 
which appear black by transmitted, white and gliatenhig by 
reflected light, and which are imbedded more or less thickly in 
that part of the cartilage (say its matrix) which is primarily 
involved. Attempts have been made to show that these particles 
are actually tlie earthy salts, and to demonstrate crystalline form 
in tliem ; this, however, was a mistake. The earthy granules 
may, indeed, owe their leading properties, their densi^', their 
whiteness and opacity to the calcareous salts with which tliey 
arc impregnated ; nevertlieless we must distinguish in every 
granule — first, a jiaiiicle of tho matrix of equivalent size ; and, 
secondly, tho earthy salts which it contains. Without this dis- 
tinction, or rather generalisation, the subsequent changes would 
bo not merely inexplicable, but utterly impossible ; for after tlie 
matrix has first of all been darkened by tho calcareous granules, 
it n»$iimes in tlie sequel a homogeneous lustre, such as we find 
in the matrix of bone, this appearance being clearly due to the 
il approximation of the calcareous granules, and their ulti- 
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mate coalescence, wlion they can no longer be hidividuaHy dis- 
tinguished. Now, since the matris retains its former bulk after 
calcification, is completed, it is clear that the earthy salts cannot 
have been superadded to its proper substance in particles as large 
Bfi the granules in question ; hence we aro compelled to assume 
that each granule is made up of uiatri.\ plu» earthy salts. 

So long as calcification 
does not extend beyond the 
matrix, the appearance pre- 
sented to us is that of a white 
and glistening reticulated net- 
work, whose tenuity is pro- 
portionate to the amoont of 
space occupied by the cells 
and the consequent widtli of 
tlie intervening trabeculsc of 
intercellular substance (fig. 
Calcification of cartilage. TranBverso 18). jRokiianski deacrihes, in 

the matrix into spheroidal 
masses, which is especially fi-equent in the fibro-cartilagea and 
in enchondromata. My own observations confirm his state- 
ments. The appearances in question most not be confounded 
with those presented by the cartliy granules. JtolatansH verj" 
justly compares them witli the calcification of filrillatcd intercel- 
lular substances.* 

' This appearance of spheroidal seg. 
mentation is beantifullj exemplified in 
the calcification of tendons, where it has 
been most elaborately investigated b; 
Liehm-h"hn {Rclehmi wnd Dii6oib, Archiv, 
1860, No. 6, p, 824 feq'i.). Between the 
diHcoidal figures presented by the fibrills 
in transverse section, interstices of vari- 
tvblo aize are occasionally seen ; these are 
) often deceptively like bone corpascleR, 
on Bccoant of their jagged and excavated 
margins. A little thought ia enough to 
convince ns, nithont our having to recur 
to longitudinal sections for aid, that wo 
i^ltam.*!"*^"' '"**" *" ^°' '"''' ^^^^ independent de- 
inctitBtbnt with appearances' dno entirely 
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TliB globnlar, or rather discoidal, niasaca arc the calcified 

fibrillic seen in transverse section. There in nothing strange, 
therefore, in our meeting witli tliis spheroidal segmentation of 
tlio calciScd niati'ix in fibro-cartilagiuoiis stractin'es; and we 
have already seen, when considering tlie phenomena of aoftoning, 
that the matrix of hyaline cartilage is also liable, under certain 
conditions, to break up into fibrillar. 

The calcification of cartilage, when tlio colls are primarily 
affected, gives rise to optical results of a very different order. 
In this case a pecniiar thickening of the cartilage capsules 
(sclerosis, Virchme) precedes all further changes. The thickened 
capsule takes up the earthy salts ; sometimes, and indeed usually, 
as a cloud of earthy granules ; occasionally, however (as was 
first obser\'ed by KolUker in rickets), the calcai'eous impregna- 
tion gradually leads only to a whitish opalescence by reflected 
light, while the structure never loses its transparency. It is 
(bis latter circumstance which has enabled us to ascertain that 
the entire scries of these changes takes place without involving 
the proper substance of the cells. From first to last the process 
is exclusivoly capsular. Tlie capsule continues to grow thicker 
at the expense of its cavity. The size of the original cartilage ^ 
cavity, therefore, undergoes ])rogre8sivc contraction, the capsule i 
loses its spheroidal form ; for, as the thickening of the capsule i 
does not proceed uniformly at all points, little fannel-shaped 
gaps being left at regular intervals (analogous to the pores of 
vegetable cells during their conversion into wood), the cell-con- . 
taining cavity ultimately assumes a stellate, jagged outline, 
singidarly like that of a lacuna of bone. Should tho matrix 
attain the glassy and transparent stage of its calcification, either 
simultaneously or subsequently, we may fairly speak of a direct 
ossification of hyaline cai'tilage. Such false bone, which stands 
towards true bone in the same relation (i 52) as other calcified 
connective tissues, such as tendon-i, fascia, coata of vessels, Ac, 
is not common ; it always occurs in small bits ; we find such 
bits in enchondromata, and in the spongy substance of rickettf 



to the contact of Adjacent circles; for we sec them varying in size 
ftnd shape within tbo widest possihle extromes. (S-r lUe anncied 
diuwinf; of B transverse aectiou through an oasiSed pleuritic false mem- 
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\/ffntHf where they are, so to say, inlaid near the oasimcg border 
of the cartilage. 

iyt much for the histological details of calccficadoa as it 
f>ccTjrs in cartilage. ItA individual features recur in the most 
variom tisAuea. In order not to anticipate the special descrip- 
tions contained in the second part of the present work, we most 
f^fTiV-Ait our.selves here with the remark that calcification, where- 
r;vcr it occurs, is always a true infiltration. The specific form of 
the infiltrate^l structures, at lcaj>t in its coarser outlines. i& never 
efTacefL We are able, as a rule, to restore matters to their 
previous condition by simply remo\'ing the earthy salts with 
hydrochloric acid. 

C. Pigmentation. 

'i 55. Pigmentation (chromatosis) is one of the most interest- 
ing subjects in pathological histology. Its limits are not vei^- 
well defined.* I must premise therefore, that I do not intend, 
under tlje head of Pigmentation, to discuss every change of 
colour which may occasionally be exhibited by diseased parts, bat 
to confine my attention to those positive colorations which are 
due to the infiltration of some pigmentary substance into the 
tiftsues. lied, yellow, brown, and black pigmentary particles, with 
every imaginable intermediate tint, may be met with as infiltra- 
tions. Tlicy are all, however, ultimately derived from one and 
the same source — the ha^matin of the red blood-corpuscles. 

We are not fully acquainted with tlic chemical composition 
of lia-matin ; we do not know how it is produced. Itself, in all 
probability, an albuminous body, it is intimately combined in 
the red corpuscles with another albuminous substance which is 
destitute of colour {globulin). This compound, under certain 
conditions, ciystallises in long red needles {hcrmato-^ryetaUin). 
To understand how }'cllow, brown, and black pigments may be 
derived from the colouring-matter of the blood, we must first 
glance at the physiological metamorphoses to which this substance 



* For example, all those tiE^ue-changcs which have already been 
^eacribcdy canse some peculiar coloration or dccolorisation of the affected 
"^■^■ctores. So too, desiccation, shrivelling, condensation may all modify 
^ rcftactive indezt and so alter the optical properties of the tissues. 
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is liable. Tlie most important of these, and in some sense 
typical of all the rest, is its transformation into bile-pigment, 
Tlxis phonomenon, however plausible a prion, has long been 
sbroaded in mystery'. It seemed hazardous, and very justly so, 
to derive a cliemical substance produced exclusively by the 
activity of Uie hepatic cells, from a. certain constituent of the 
blood, solely on the ground of its possessing like optical pro- 
perties. At tlie present day these scruples have lost aU meaning, 
and that mainly in consequence of the following observations. 
In places where blood has some time previously been ejrtrava- 
sated, hsmatoidin is not unfrequently found in the form of smallj 
fiery-red crystals, belonging to the rhombic system (fig. 20). 
There can be no doubt that this ha<ma- 
toidin is derived from the blood-pigment; 
and yet it diifers from h^matiu in containing 
no iron. When treated witli powerful oxi- 
dising agents, such as concentrated sulphuric 
acid,' it gives a play of prismatic colom-s. 
It need hardly be said that these very 
properties by which haematoidin is distin- ^^l^^l %!^'^r. 
gnished from the colouring matter of the c/,o(f). 
blood, bring it nearer to bile-pigment. This 
alone made it highly probable that bile-pigment ought to be 
regarded aa derived from the colouring matter of the blood ; and 
this probability became a certainty when Vali^itiner discovered 
that hasmatoidin could be extracted from dried and powdered 
bile by means of chloroform. Now, it is quite true that a 
crystalline pigment may bo obtained in this manner, not dis- 
tinguishable at first sight from hannatoidin. Nevertheless Valen- 
fijHr'a discovery had to submit to a slight, correction. SlddeUr 
found that the crystalhne colouring matter of the bile (bili- 
rubin, CajH,sN,0«) difllered from haematoidin (C^^Hj^NjOfl, 
UtJiin), not only by a trifling variation in the angular measure- 
ment of its crystals, but also in containing two atoms more 
carbon. Sladelfr, however, considers this difference as too insig- 
nificant to shake the proposition that bile-pigment is derived 
from blood -pigment Tlie red corpuscles, as tbey grow old, 
part with their colouring -matter to the serum ; from this it is 
taken up by the liver-colls, which transform it into bile-pigment ; 
mcb it is ultimately excreted iii the fceces. Before it is 
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thus removed, when retained in the gall-bladder for any length 
of time, it undergoes further changes, passing through shades 
of yellow, grey, brown, and black, which Stddeler terms respec- 
tively Inlifuscin (CjoHjoNjjOg), biliverdin (CajHjoNjOio)} hUi- 
pmsin (C32H22N2O12) and bilihumin ; bilifuscin differing from 
bilirubin in containing two atoms more HO, biliverdin from bili- 
fuscin in containing two atoms more 0, biliprasin from biliverdin, 
again, by an access of 2 HO, whilst bilihumin is a black, in- 
soluble, very highly oxidised substance. 

§ 56. The scale of colours enumerated above serves, as 
already stated, as a standard for the course of all other chroma- 
toses, whether physiological or pathological. The former, to 
which I can only allude by the. way, are due to the fact that 
certain other cells either possess, h'ke those of tlie b'ver, or obtain 
with the lapse of years the power of appropriating the blood- 
pigment^ dissolved in the serum, and of condensing it in their 
interior ; among these may be enumerated the epithelial cells of 
the choroid and the rete Malpighii, and certain ganglion-cells. 
Tlie black pigment found in the lungs deserves to be considered 
separately. I have ali'eady called attention (in a note to § 46) 
to the ease with which particles of vegetable charcoal (especially 
wood charcoal) become imbedded in the lungs, where they may 
be mistaken for pigment-granules. Hence I am not disposed to 
deny that a certain small proportion of the lung-pigment may 
bo duo to the accidental admission of carbonaceous particles. 
The probability of this is enhanced by the obstinate resistance 
which the pulmonary pigment offers to the action of reducing 
agents, a fact which leads us to infer that it mui^t, at all events, 
contain a very large proportion of pure carbon. Moreover, the 
observation that the pigmentary particles of the lungs are occa- 
sionally found enclosed in cells can no longer be held to invali- 
date the coal-dust tlieory, inasmuch as it has recently been 
demonstrated that cells of sofl consistency, e.ff. colourless blood- 
corpuscles, may take up minute particles of solid matter into 
their protoplasm. Notwithstanding all this, however, it is only 
a small proportion of the lung-pigment which can be regarded 
as consisting of charcoal particles introduced from without, the 
remaining part being unquestionably derived from the colouring- 
matter of tlie blood. The proof of this is to be found, on the 
one hand, in tlie anatomical similarity between this and other 
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[ pigmotitatiun ; on the ntlicr, in the fact that a ]iatho]o- 
gical excess of pigment In the lungs is met with uiider those 
very conditions of liyperremia and hwmonhago which cause a 
deposit of pigment in oiher organs. It may plausibly be 
imagined, moreover, that the bloud -pigment, in a locality where 
the osmotic interchange of gases is so extraordiuiirily active, 
may ho converted by an imperfect process of combustion into 
animal cliarcoal more speedily thin elsewhere. 

S 57. Tuniing our attention to pathologieal chromatoses, we 
find, ns was hinted in our introductory remarks, that the great 
majority of tlicse are due to local disturhnncos in the circulation. 
They are singularly persistent; they serve, nocordingly, as 
evidence not only of existing congestions, but of former hyper- 
:umic statos of tliis or that organ, or part of an organ. It la 
hardly necessary to add that not ei'ery hyperaimia is followed 
by a deposit of pigment ; nay, we may almost consider it a rule 
ifaat only those congestions, during which extravasation of blood, 

• its permanent stagnation in the vessels occurs, are followetl 
' by pigmentation. This assertion will seem less, rash if we reflect 
that apart from hemorrhages uf notable amount, both acute 
inflammation and passive congestion give rise to minute hut 

roportionately numerous extravasations from the capillaries. 

tat it relies for ita ultimate justification on the evidence of 
Bfttomical facts. 

All pnrely local pigmentations, i.e. those which are not con- 
nected with dyserasiK, may be shown to originate in the abso- 
lute stagnation of variable quantities of blood ; sometimes of 
only a few hlood-corpuscles which have not even succeeded in 
completing tlioir escape from the vessel, but have stuck in tlio 
tuiiira adeentitia : more frequently of little streaks and drops of 
blood, or even larger cillections, which lie in tlie parenchyma 
outaide the vessel. We need not enter into the manifold changes 

Eto which such stagnant ])ortiona of hlood arc liable (organisa- 
fanij suppuration, &c.) ; we may confine ourselves to an obscrva- 
Kin, which is of the utmost moment ns regards the production 
ppigment, viz. that the red discs generally lose their colouring- 
matter, which is thus at tlic disposal of the neighbouring tissues 
in a state of solution. IVo had tlio opportunity of becoming 
ftct^uatnted with a process nut unlike this during tho putrefaction 
tf tho blood. It follows nceurclingly that decolor is at ion is n 
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phenomenon not only associated with the sudden death of the 
blood-corpnscles, but serving also to usher in those changes 
which, as in the pjresent instance, lead rather to a gradual dis- 
solution, or to a prolonged existence in another form. 

NoiB. — It is convenient to say a few words here about the conversion 
of the colouring-matter of the blood into pigment-granules without its 
previous escape from the corpuscles. I allude to the so-called '* blood- 
corpuscle-holding cells." The mode of origin of these large, more or 
less round, bodies, consisting of several red blood-corpuscles imbedded 
in a colourless and homogeneous matrix (fig. 21a), was more important 
formerly than it is now. It was thought to support the theory of endo- 
genous cell-development. Its histogenetio interest has now quite fietded. 
It appears that these bodies are not always produced in the same 
way. I have convinced myself that in the stagnant blood of amphibia 
agglomerations of red and colourless blood-corpuscles (or such as have 
become colourless), exhibit all the appearances of the " blood-corpuscle- 
holding cells" (fig. 216). 

Fig. 21. 





Blood-corpuscle-holding cells, a. Human ; b. In frogs' 

blood, rhi' 

Prayer states ("On Amoeboid Blood- Corpuscles," Virchoto^sAxchiY, 
417), that similar optical appearances may be produced by the escape of 
the red contents of the corpuscles in stagnant frogs' blood in the form 
of drops of varying dimensions, and the subsequent incorporation of 
these drops into neighbouring amoeboid cells after the manner of par- 
ticles of cinnabar, or other solid granules of any sort. This theory 
admits of only a limited application to the "blood-corpuscle-holding 
cells" of mammals, since in them the blood-corpuscles occupy a more 
central position, and are enclosed on every side by a homogeneous 
border. Here I believe that we have no alternative but to assume that 
a layer of fibrin has been secondarily deposited round a group of blood* 
oorpuscles. The phenomenon would thus correspond on a very small 
■oale with that which recurs on a scale of ever-increasing greatness in 
aU ciroumsoribed bsBmorrhages. The red blood^corpusoles go through 
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tbeir snbseqaent metamorphosed in the interior of bhia capsule, tboy loss 
circular outline, grow darker, and fluaJlj run togetbar to form n 
>brown or block pigmentary deposit. 



S 58. After the colouring' matter has escaped from the blood- 
oorpusclos, and has permeated the surrounding tissues, vr« notice 
that their elements vary in their capacity for taking up the pig- 
meut which is tlius presented to them. AVe remark prefereiicea 
(jUtte as decided as those which are manifested during the soaking 
of dead tissues in an ainmoulacnl solution of carmine. The cells 
attract the pigment more powerfully than the intoroellular suh- 
stances, homogeneotis membranes, elastic fibres, &o. The cells 
therefore appear, even at this stage of the process, to be most 
intensely ntained of a yellow or brown colour. But the colora- 
tion with ha?matin differs from staining with carmine, in tltat tho 
nucleus does not exhibit a greater attraction for the pigment than 
the remaining portion of the cell. On tho contrary, tho nuclei 
are remarkable for taking no pai-t in the change, appearing at a 
later period as coloui'less discs in the interior of the tinted proto- 
plasm. 

Tho stage of dlfFuse imbibition is followed by tlie precipitation i 
of the pigment in a granular or crystalline form. This, too, we i 

Ijccasion to observe during mortification. Hence, as also 
Fig. 22. 
se it oceura not only in the tissue -elements themselves, hut 
... ■ free fluid between them as well, we are justified in viewing 

it as n purely chemical phenomenon, having no connexion witli 
tho vital properties of the part. True that the crystalline deposits 
(liacmatoidin), which are least hkely to depend on the action of 
ttio cells, are more frequent In the free fluid than in the interior 
of the cells ; still, colonrcd crystals have also been detected in 
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w% stages or pigmentary ii 
from a melanotic cancer; <', Figmented epithelium from 
the vessels (same specimen), ^. 
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tho colls ; moreover, the granular variety of pigment — which, 
wo may remark by the way, is much tlio more usual form, 
crystals of hsDmatoidin ranking among curiosities — is equally 
abundant within and around the cells. It consists, as the name 
shows, of minute yellow, brown, or black (melanin) granules, 
collected into little groups, which may unite under certain condi- 
tions to form larger masses of a more homogeneous character. 
Should they be numerous enough to fill tho protoplasm of a cell, 
the colourless nucleus is partly pushed aside, partly surrounded ; 
the pigmented coll appearing to be perforated by a circular gap 
or hole. Flat cells (choroid coat of tho eye), in which the 
nucleus is in contact with both surfaces at once, retain their 
characteristic asi)ect. In spheroidal cells, however, tho nucleus 
ultimately disappears, leaving a coloured corpuscle, in which 
only the external form of the cell can still be recognised. 

§ 59. It is very unlikely that the functions of the cells are 
much impaired by pigmentary infiltration, for we find partial 
infiltrations of this nature in many of the most vitally important 
elements of the organism. I refer particularly to certain groups 
of motor ganglion-cells in the crura cerebri, whose constant im- 
pregnation with pigment has led to tliat region being designated 
as substantia nigtHi vel ferruginea^ In the majority of local pig- 
mentations, however, this question admits of no solution ; for 
wo cannot distinguish tho functional troubles due to pigmentary- 
infiltration from those which may have resulted from tho ante- 
cedent local disorder. Tho opportunities aftbrded by certain 
pigmentary infiltrations originating in dyscrasias are much more 
favourable for this inquiry. I do not refer to melanasmia, which 
only deserves tlie name of a dyscrasia, inasmuch as a black pior- 
ment of local origin (in the spleen), enters the blood, and remains 
an abnormal constituent of this fluid during a certain time. 
When tlie deposit of tliis pigment in the capillaries of tlie brain 
gives rise to serious functional disturbances, these differ in 
no respect from such as might be produced by plugging of these 
vessels from any cause whatever; thoy cannot, therefore, be 
ascribed to the pigment as such. So too, tho quantitative excess 
of colour in the skin, which Addison ascribes to a disease of the 
supra-renal bodies, is ill-adapted for our present purpose, owing 
to the obscurity which still hangs over the entire process. On 
the other Iiand, the history of melanotic sarcoma {see Morbid 
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Grawtlis) allows ua that a morbid state of tlie blooil may exist, in 
cousequence of which cell-growth, on a large scale, may takfi 
place in the most various regions of the body, the newty-formed 
colla being wholly or partially filled with granular pigment of a 
brown or black ) me. The mechanism of this coloration is the 
same as that of the cells of tho rete Malpighii, choroidal opithe- 
linm, ttc. Indeed, the primary tumour is usually developed in 
the ohoroid or tho skin. The cells got their pigment from that 
which is diffused throughout tlie nutrient fluid, and also, according 
to 0. Wel>er, from capillary extravasations which may concur with 
tlio other changes. Be this as it may, the pi'ogress of the pig- 
mentation, af^cr the stage of dlffitse imbibition, is the same here 
as elsewhere. The pigment is condensed and precipitated. The 
colourless sarcoma-cells arc converted into pigmented aareoma- 
No one will deny that these pigmented sarcoma-cells 
retain their most destructive vital properties, and make use of 
against the organism. 
I do not believe that wo are justified in speaking of a pig- 
itary metamorphosis in the same sense as of a fatty meta- 
Biorphosis. For even though we may find in the Juice scraped 
from melanotic tumours minute particles of pigment in countless 
numbers, together with cells in which the pigment-granules may 
be seen to exhibit dancing movements, and from which tliey may 
bo seen to escape under our very eyes, yet we are not justified in 
inferring an^'thiug beyond an accident such as ultimately befalls 
all sarcoma-cells ; moreover the numerous oil-globules whioli 
are scattered among tho pigment-granules, but which are uot 
easily to be distiaguiabeJ fi-om them, render it probable that we 
have really to do with a fatty metamorphosis. 

% GO. Besides bxmatin we must include the colouring-matter 
of tho b\h among tho sources of abnormal pigmentation. If we 
wore justified in assuming the derivation of bile-pigment from 
the colouring-matter of the blood, then biliary may be regarded 
fts a mere variety of haBmic pigmentation. It is met wiUi only 
in those organs which produce and excrete tho bile. Suppose 
for a moment, that jainidiee (icterus) is a pigmentary infiltration. 
In jaundice the bilo-plgment, together with the other constituents 
of tiie secretion, is reabsorbed into tiie blood : hence, as long as 
tlie condition lasts, all tho tissues of the body which are within 
nadi of the nutritive fluid assume a vellow hue. ^Tever, or 
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4icJt in retr nre easei. u the bOiaiy pigment depooiad in a solid 
pjnsi ; Hj: yijpxymvury imbibition does not become a pigmentur 
;2;{£hrss2c«L Tl^ Utter, as lias been ahreadr stated* ooeors onlr 
izx Ui& liver and tbe bile-duets. Virchow detected czysxalline 
d^>zu of bHifulvin in the epithelium of the gaD-bladder; 
graxzular ifigmfmtj of a yellow, brown, and especiaUj of a black 
iifAour. if met with in the hepatic cells, not only in cases where 
xi^ escape of the bile is hindered, but also in cases of obstruc- 
tion Uj the rettun of blood from the hepatic veins. Here too 
we may ha\'e a coincident atrophy of the pigmented cells ; but 
we must beware of regarding the pigmentary infiltration as the 
cause of the atrophy. This will become dear hereafter firom the 
history of the pigmented nutmeg-liver, cirrhosis, Ac. 



D. Fatii/ Infiltration. 

§ 61. The last member of the present series, and of the 
passive tissue-changes in general, is fatty ixfeltbation. This 
must not be confounded with that &tty metamorphosis whieh has 
already been treated among the conditions of involution. There 
the oil-globules were but the forerunners of inmninent dissolu- 
tion; here they are, at worst, but a superfluous constituent 
of the cell ; there they appeared as a product of the decom- 
position of the body of the cell ; here they are brought to the 
cell from without, and retained in its protoplasm. Hence 
too, the anatomical appearances presented by fatty infiltration 
differ wholly from those due to fatty metamorphosis. They agree 
in this alone — that minute oil-globules make their appearance 
Fig 23 ^^ ^^ interior of the protoplasm. While, 

however, in the case of fatty metamorphosis 
these oil-globules continue to increase in 
number, without ever uniting to form larger 
drops, fatty infiltration mimics the develop- 
ment of real fat-cells (figs. 23 and 24). We 
rarely see more than two or three separate 
oil-globules in any one cell, and even these 
hasten — if the phrase may be allowed — to 
^toSedT^h'S* run together, so as to form a single large 
^ ' drop. The protoplasm, together with the 
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nucleus, is pushed to one side, just as in colloid degeneration. 
The larger the si2e attained by the oil-globule (and in the cells 
of a lipomatous tumour its size is often groat) the more diificidt 
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Fatty infiltration of coanective tiseue, . 

does it become to realise the presence of any residue of proto- 
plasm and nacleos. Nevertheless their existence is never to be 
doubted ; for should the fatty matter be reabsorbed the nuclei 
^Juuiably reappear (fig. 2b\ 

r 

jH^uTeither are wo justified in supposing that tho functional 
activity of the infiltrated cells is wholly abolished. We know 
a liver, every cell of which has undergone tho alteration in 
Btill capable of secreting b 




Atrophied adipose tissue. 
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neiiiher abundant nor concentrated, nor yet as brown in colour 
as it shonld be. The function of the organ is impaired, bnt not 
even in the most extreme degrees of the disorder is it wholly 
abolished. It need hardly bo added that after the removal of 
the infiltrated substance, a removal which, as has been already 
stated, is everywhere and always within the bounds of possibility, 
the cells resume theu- interrupted functions, together with their 
previous form. 

§ 62. We cannot certainly tell to what peculiarities it is due 
that the protoplasm of cells generally, and the protoplasm of 
certain cells in particular, is qualified to become a reservoir of 
oily matter. That the presence of glycocholate and taurocho- 
late of soda renders animal tissues especially prone to be infiltrated 
with oil, is proved partly by experiment, partly by observation ; 
since the parts which come in contact with the bile during its 
passage from the intercellular canals of the hepatic parenchyma 
to the large intestine, constantly exhibit the phenomena of fatty 
infiltration. 

But contact with bile can only be considered as one of the 
£BU^rs in causing the infiltration. A second condition is that 
fatty matter in a finely-divided state should be readily accessible 
in the neighbourhood of the tissue to be infiltrated. The source 
of this fatty matter is a question of vital moment for the economy 
of the organism as a whole, but it is imimportant as regards the 
process itself. Thus in the bowel, we find it supplied by thb 
chyme ; the hepatic cells absorb it from the serum of the blood, 
and the epithelium of the biliary passages from the bile itself (as 
has been shown by Virchow). We cannot, therefore, entertain 
the slightest doubt that saturation with bile is a powerful deter« 
mining cause of fatty* infiltration. Besides the hepatic cells, 
the epithelium of the biliary ducts and of the bowel, other 
cells in the organism are liable to become infiltrated ; foremost 
among these are the corpuscular elements of the connective 
tissue, which is converted into adipose tissue in this manner. 
The subcutaneous and subserous connective tissue stands first 
in this respect; next comes the interstitial connective tissue 
of muscles, and of those especially which are seldom thrown into 
oontraotion, or are maintained in a state of rest by disease 
(anl^Iosis of joints, paralysis) ; and lastly, the subfascial, sub- 
•ynovialy and sabmuoous connective tissues. 
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causes como into operation 
whenever the blood contains more than its usual proportion of 
finely-divided fatty matter — whenever tliere is a faitij dt/scrasia. 
We recogniso the ]»resenco of this condition by a cloudy, opales- 
cent, whitish state of the serunu Under the miei-oseope we 
may detect oily ]jartieles of considerable size; or our oxainuia- 
tion may yield negative results even with very high powers, if 
the emulsion Is exceedingly fine. Such serum can always bo 
cleared by shaking it with etiier. If it is allowed to stand, the 
oily matter collects on the top, forming a crcaHly layer. 

This »erum lacleum may always be foinid about three hours 
after a meal ; and it is not to be wondered at that persons who 
eat much rich food should get fatty matter infiltrated into theii' 
oounective tissue (obesity, polysarcia). Further, we know from 
experience that fatty matters accumulate in tlie blood of drunkards 
and persons suffering from pulmonary disease, in whom the fat 
which 13 taken into the alimentary caual, and absorbed by the 
blood, is not completely burned off. In either case the liver ia 
the chief reservoir of the Buperfluous fat. Wo also meet with 
FATit METASTASEa, diseases in which fat is absorbed from one 
ploco to be deposited in another. Tubercular diseases of the 
lungs are not infrequently associated with such metastases from 
the paimiculua adipoam to the liver. Since, however, in such 
coses wo may also assume defective oxidation as a cause, those 
instances are of greater weight in which metastasis of fatty matter 
constitutes tlio essence of the disease, or is associated with 
disease of some organ other tlian the lung. I once met with a 
phenomenon of this kind in a woman 27 jcara old, the fat 
having been transferred from one place to another in the course 
pf a single fortnight. 



IL-ON MORBID GROWTH* 

(INCLUDING INFLAMMATION). 



• 1. General Considerations. 

§ G4. Ill natural oontrast to those tissue-obanges which we 
have been hitherto considering stands morbid growth. By this 
term we understand every over-production of tissue-elements. 
The varieties of morbid growth differ extremely in their relative 
importance, whether as regards the organ in which they occur, 
or in their relation to the body as a whole. We were able to 
assure ourselves that a certain impairment of potential function 
was constantly associated with every sort of retrograde meta- 
morphosis: this cannot be asserted of morbid growth. We 
must, however, guard ourselves jealously against inferring any 
general increase of functional capacity, such as might be expected 
a priori from the contrast between the two orders of phenomena ; 
at most we can only speak of a deviation from the normal 
standard of functional power ; and that is not saying much. To 
get a sound basis for a comprehensive knowledge of morbid 
growth, it is both practically advantageous, and quite in accord- 
ance with the principles of modem pathology, that we should 
endeavour, in the first place, to reduce its manifestations to an 
eac£88 of physiological growthy ue, of the normal development and 
growth of organs. A historic retrospect (which need be very 
brief) shows us that this principle was always in the mind of 
our forerunners ; but it has never been carried out to its strict 
logical consequences till now. 

§ 65. I will not go farther back than to John Hunter. In his 
celebrated treatise ^^ On the Blood, Inflammation, and Gunshot 

• " Morbid Gbx)wth " is hero employed as Bynonymous with " patho- 
logische Neabildong ;" the expression is unsatisfactory, bat it has the 
merit of being more English than " pathological new-formation/' a bar- 
bariim not uniVeqaently met with. — Tb. 
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Wounds,"* lie developed tlio idea that uii offusioii of lympli was 
the necessary startiug-point of all new growth. Tho plastic 
quality was regarded by him as a force inliereiit in tho effused 
material, prompting it to llie production of everj' sort of tissue 
from its own substance. An independent vascular apparatus is 
always the first thing to be developed ; this is responsible for 
everj- farther step in the process ; it furnishes fresh supphes of 
plastic lymph, and so on. Thi'ough conceptions of this order — 
which rested, by the way, on a basis of the moMt careful observa- 
tion — we detect a glimmering conviction that the growth is some- 
thing foreign to the organism, something introduced into it from 
without — ji ])arasite, to use an extreme term. J/anter was led 
to thia conchision chiefly by comparing morbid growth with the 
development of tho chick in the egg. He knew notliing of the 
cell, and regarded tlie punctum talie7is as the starting-point of all 
development. 

The discovery of the cell, speedily followed by the recogni- 
tion of cells in the embryo before the existence of a heart, 
necessarily exerted a modifying influence upon Hunter's theory. 
The development of the vascular system fell back at once into 
a secondary place ; and when it became certain that, apart from 
the first mapping out of tlie circulatory system, every develop- 
ment of new vessels was only an extension of the already 
existing system of canals, tlie theorj' of an " independent vascu- 
larity" of new growths fell to the ground, carrj-ing with it in its 
fall a good part of their personal individuality. The question 
was shifted from " How do new growths originate ?" to " What 
is the origin of cells?" Tlie alternative which had presented 
itself in tho case of the r'essels recurred in the question aa newly 
formulated. Theories were at once constructed, based on the 
tpotitaneou)! gmerat'um of the cell. Plastic lymph, or rather the 
" plastic quality " of lymph, continued as before to be regarded as 
tho formative cause in the genesis of tissues. It now received 
the name of cj-toblastoma, or more briefly bluitema. 

A fiill discussion of one or other of tliese theories would lead 
me too far. Suffice it therefore to say, tliat the doctrine was 
at first applied very unconditionally. Blastema, wherever fbiind, 
was supposed to consist of iin e.vudation of the plastnn »anguimt. 

I • TmnslBted into Gennan by UtbemUxlt in 171.'7. Published by 

■^taBBr in n^Z. Pulmer'u edition, vol. iii. 
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In tliis pure fluid minute granules were first of all developed ; 
these united to form nucleoli, then nuclei, and last of all ceUs. 
As time wore on, men grew more cautious; the possibility of 
cell-formation was made conditional on the presence of at least 
the elementary granules pre-formed in the blastema. 

It cannot be denied that a transition period of mixed theories 
intervened between the oriixinal doctrine and that finally cstab- 
lished by Vircluno : omnia cellula e cellulcL Wherever cells are 
present in the organism they are the progeny of otiier cells 
which have ceased to exist ; they inherit the existence, though 
not always the peculiarities and vital properties, of their pro- 
genitors. The question as to the mode in which cells originate 
was thus permanently settled. The cells which we find among 
the products of morbid growth likewise owe their origin to the 
division of pre-existing cells. But of what pre-existing cells? 
This still demands an answer. VirchoWy whose authority on this 
subject has been absolute during a period of ten years, elaborated 
the theory that the cells situated at the point occupied by the 
growtli undergo multiplication by fission, that the new tissues 
were actually substituted for a certain proportion of tlie normal 
constituents of the body. On the other hand, Cohnlieim has 
established beyond all doubt that a migration of colourless cor- 
puscles from the vessels — a plastic exudation in tlie strictest 
sense of the word — may supply the materials for morbid growth. 
Of course, these corpuscles also result from the proliferation of pre- 
existing cells ; but the parent-cells are at a distance from the seat of 
disease; they are in the blood, the spleen, the lymphatic glands. 
This, indeed, does not exclude the possibility of growth taking 
place in loco morii ; on the contraiy , Strieker* s recent researches on 
inflammation aflbrd conclusive evidence that migration is followed 
by fission of the emigrant cells, and, within certain limits, of 
those cells also which exist pre-formed at the seat of mischief. 

§ G6. Led away by these inquiries into the fundamental 
nature of the process, observers have in the meantime neglected 
to institute a more carefiU comparison of morbid with uormal 
growth. I will endeavour, to the best of my ability, to remedy 
tliis defect ; but some preliminaries of a general kind must first 
bo settled. And, in the first place, we must not rest content with 
the bare assertion that cells originate from cells, without being at 
the pains of acquiring a fuller knowledge of the minuter details 
of tiie pro "ells of the adult organism differ very 
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widely and in vai'ious wave from the form originally common to 
ali — that of a nucleated lump of protoplasm ; the changes which 
have resulted in their ditforentiatinn being connected with their 
fiuictional activity. Hence we tind that in nearly every tissuo 
our series of productive metamorphoses sets out from a diffei-ent 
point. Wo cannot shut our eyes, Ijowcver, to the constant recnr- 
rence of certain common features, hy combining which we may 
vory well construct a general plan of cell-production de novo. 

An increase in the number of nuclei is never absent in any 
case of cell-development It is in the highest degree probable 
that this incrcaso is due in every case to tission of tlie original 
solitary nucleus. Over and over again lias this fission of tho 
nucleus been observed. We possess a countless number of care- 
ful descriptions, telling us how the nucleus becomes lengthened, 
how it is narrowed at its middle, exhibiting an hom'glass con- 
striction or inflexion, until at length its halves separato from 
one another, and two nuclei take the place of ono (fig. 26). 

The nucleolus too seems occasionally to take ^ 
part in the process. Nucleoli with a central con- 
striction, hourglass-shaped, and double, have been 
repeatedly observed in the large, vesicular nuclei 
of cancer-cells, in which the behaviour of the 
nucleolus admits of being clearly traced. It must 
nevertheless be admitted that tlie actual occurrence 
of fission has been comparatively seldom seetu 
This is easily accounted for by tlie extraordinary 
quickness with which the fission takes place. 
According to all obaervei's who have been lucky 
enough to see tlio phenomenon actually take place Cells BhoTrinR 
before tlieir eyes in recent living cells, it is the nssionofuu- 
work of a few seconds. Add to this that it may carcmoma. 
begin repeatedly, only to recede again ; in which 
caee the inflexion which has been ibrined is again effaced, until^ 
after several abortive attempts, fission is completed suddenly, aa 
though it Kcra a task for the due execution of which repeated 
ofTorts were needed. Tlie same remarks apply to the subsequent 
fission of the cell itself; in cither case wo must hear in mind 
the saying of an illustrious naturalist, to the effect that one 
pOMtivo observation carries more weight than any number of 

ktivo ones. 
.67. Anotlicr phenomenon, wliit;]i usually accompanies fission 




W 
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of the nucleus^ is an increase in the* amount of protoplasm. 
Apart from the a priori difficulty of conceiving how, without a 
proportionate increase in the bulk of the individual cell, it can 
fkimish an amount of matter nearly twice as great as itself, wo 
have the direct evidence of the microscope ; this increase in 
volume having been observed so often that its occurrence is no 
longer open to any doubt. 

Fission of the nucleus, together with increase in the amount 
of protoplasm, thus make up the first stage in the genesis of cells. 
The process may be arrested at this point ; it may be limited to 
a repeated multiplication of nuclei with increase in the amoimt 
of protoplasm. It then gives rise to those peculiar structures 
which have been described by Robin under the name of myilo^ 
plaqueSy or cellules a noyaux multiples. These are comparatively 
large, single-contoured flakes of a very finely granular, feebly 
refracting material ; each flake exhibiting in its interior a large 
number (as many as twenty to thirty) of round nuclei, furnished 
with nucleolL These structures vary greatly in their external 
form, which is obviously quite independent of any law of symmetry, 
being determined by the shape of the cavity which they contri- 
bute to fill. It is only when these giant-c^s {Virchow) are 
found embedded in some very soft and yielding tissue that they 
assume more or less of a globular, or, at all events, rounded 
shape (fig. 27 a) ; in tissues with a fibrous structure, the giant- 
cells are furnished with processes, which must be regarded as 
prolongations of the plasmatic effusion to which the increase in 
size of the cells is due, into the interfibrillar interstices. This 
relation is most instructively elucidated by a case of BUlroiKsj 
where the giant-ceUs originated, in the manner just described, 
from the cellular elements of muscular fibre. At the periphery 
of the tumour (which was caused, at least in part, by this very- 
phenomenon) Billroth succeeded in demonstrating that the mus- 
cular fibres were swollen, and their fibrillse dissociated from one 
another. The individual giant-cells exhibited the forms figured 
in fig. 27 b. I made a similar observation in the case of a 
connective-tissue growth in the white substance of the brain. 
The great point to be borne in mind is, that every giant-cell has 
really sprung from a pre-existing cellular element ; an example 
of the almost unbounded formative power at the disposal of the 
organism in the person of each of its constituent cells. 
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'. The secoiij stage in cell-development is fission of the 

CELL itself. Each of the newly -formed nuclei operates as a centre 
of attraction for the protoplasm wliich immediately surroimds it ; 




Giant cells 



; Bounded ( I trchow) , h \V ith proeeasea Irom a 
inuBculnr tumour {Billmlh). 



and'when this attraction goes so far as to itiolate a segment of 
protoplasm round each nucleus, we say that Uie cell has under- 
gone division. 

The microscopic appearances presented by thia " segmenta- 
tion " of the protoplasm M-e not alike in all cases. The leading dif- 
ferences ai-e due to the degree of cohesion to which tlie peripheric 
layer of the parent-cell has attained. This outermost layer is 
in most cells of extreme tenuity — a " physical membrane," such 
09 is always formed at llio junction of two dissimilar fluids which 
refuse to mingle with each other. The gi'eater the size and the 
ago of the cells, the more distinctly are they seen to be invested 
by a colourless, homogeneous, highly refractive, double-contoured 
mcinbrHne — a cell-membrane in the old sense of the word." 

• M. Tiniibe tries to find a chemical Piplanation of the phenomenon 
in the precipifation of an albuminous constituent of the protoplasm by 
anotbcP colloid [Graham) substance acting upon the cell from without. 
Kithius'is experiments on Infusoria (Amajbo;) agree Tcry imperfeetly 
»i;h this hypothesis. It is very certain that a membrane appears on 
the surface of the amcoha in conaequenco of exienial itritalloii ; but 
Kiihae Ends that the membrane- producing irrilants are rather of a 
physical than n chemical nature (electricity, alterations in temperature) ; 
Jience A'li'inc contents himaelf irith definitig the tnem bran c- formation 
s a )»ripher»l coagulation ol the protoplasm. 
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The physiological cell-growth which accompanies or causes 
the growth of the entire organism, seems to be confined to such 
cells only as arc either destitute of a limitary membrane, or 
furnished with a mere " physical investment " of extreme deU- 
cacy. Under these conditions fission of the cells, like that of 
their nuclei, manifests itself as a constriction and subsequent 
division of their body (fig. 28). Tlie longitudinal spUtting of the 
fibres of striped muscle is only a variety of fission. 

To this mode of cell-division by fission, morbid histology adds 
two further types, or, to speak more correctly, two modifications 
in the anatomical features of the process. These are, the develop- 
ment of cells in nucleated protoplasm, and endogenous cell- 
formation. 

The first of these presupposes two anatomical conditions ; the 
parent-cells must be quite devoid of a limitary membrane, and a 
considerable number of such wholly naked cells must be aggre- 
gated together. Under these circumstances the protoplasm of 
any cell will seem to bo uninterruptedly continuous with that of 
neighbouring cells ; the outlines of separate cells are not dis- 
tinguishable ; and this of course applies equally to the outlines of 
the newly-formed cells. Should such colls divide, our only way 
of detecting their division would be by noticing that two nuclei, 
resulting from the fission of a single one, and originally in close 



Fio. 28. 



Fig. 29. 




Cells undergoing fission, a. 
From a laxnriant granula- 
tion; b. Division of fibre 
of striped muscle. 




Nucleated protoplasm : frag- 
ment of a granulation. 



contact, have moved away from one another to a slight extent 
We cannot actually see more than the various stages in the 
division of the nuclei. 

We find this nucleated protoplasm in the most luxuriant forms 
nf Mill^proliferationy suoh as granulations^ soft cancer, and sar- 
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BiaUi. It differs frum the inultiitiicler 



■ce\U by it 



s greater 
J tlie one hand, by its behaviour towai-ds reagents on the 
For while the giaiit-cella maintain their continuity under 
I circumstances, the addition of a small quantity of acetic or 
chi'oniic acid suffices to separate tlie nucleated protoplasm into its 
cotnpoucnt cells. In tijcae cases we may often see a shred of Iho 
nuclentcd tissue bounded by an arcuato or crenated border of a 
darker hue, where it is in contact with the acidulated fluid ; each 
individual arc corresponding to an isolated segment of the circum- 
ference of one of the constituent elements of tlio protoplasmic 
mass (fig, 2y), 

Endogenous eell-fomiatioii must also be regarded as a modi- 
fied variety of fission. Should a cell with a well-defined limi- 
tarj' membrane, such e.g. as an oldtsh epithelium or cancer-cell, 
be stimulated to production, the process confines itself to its 
inner, semi-fiutd portion. 

It is here that the nucleus di\'idcs, and the protoplasm groups 
itself round the neivly-formed nuclei. The resistance of the 
oell-membrane prevents the independent segments from separat- 

FiG. no. 




f 



I resoll 



ions cell-rormation. ri. Development of pus- corpuscle b 
in epithelial cells ; h. Brood -en ps ill es. 

and thus we obtain a more or less characteristic example of 
n parenl-rell containing a brood of Oaughter-celU (fig. 30 a). It 
is self-evident that the daugbtor-cella are smaller in size than tlie 
parent-cells; they are always round, and usually resembli 
corpuscles. It by no means follows tliat cveiy one of the nucli 
resulting Irom fission of the original nucleus should become the 
itre of a daughter-coll ; on tho contrary, one or more nuclei 
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remain over, giving colour to the theory that the whole process 
of endogenous cell-formation is independent of the nucleus, and 
consists of a spheroidal segmentation of the protoplasm, together 
with a generatio cequivoca of the nuclei. This question, for the 
present at least, must remain an open one. 

We are possessed of details, which are upon the whole very 
accurate, concerning the mode in which these endogenous cells 
are set free. The unsegmented portion of the parent-cell may 
be dissolved in the surrounding fluid, the included cells becoming 
eo ipso free ; or the included cell may slip out of its parent In 
the latter event a small quantity of fluid usually gathers round 
the daughter-cell, thus loosening it from its bed ; it then slips 
out by aid of its own amoeboid contractility. After its 
escape the cavity in the interior of the parent-cell ceases to 
enlarge. The appearance which is left has been compared by 
Vircliow to a circular hole puhched out of the parent-cell (fig. 
30 V). The old designation of these structures as brood-cavities 
or brood-capsules (Brutraume oder Brutraumzellen) may be 
retained, though Vircliow^ in discovering them and giving them 
a name, started from the mistaken notion that the empty cavities 
were primarily developed in the parent-cells by a process of 
vacuolation, the daughter-cells originating in the vacuoles by a 
generatio cequivoca* 

§ 69. It lies in the very nature of the subject, not only that 
the histological details of morbid growth admit of a generalised 
exposition, but Uiat we can also give some preliminary notions 
of a general character respecting the coarser features of the 
process, respecting the faima under which it presents itself 
to the naked eye. These are mainly dependent on the locality 
of the growth, and especially on whether it be situated in the 
parenchyma of an organ, or more towards its surface. I am 
well aware that no distinction of this kind can be strictly and 
universally applied ; but then we are concerned not so much with 



* Volkmaim and Steudensr suggest that the intussusception of one cell 
by the soft body of another may simulate the aspect of endogenous cell- 
formation. To a certain extent this is undoubtedly true, particularly 
in the case of epithelioid cancer-cells ; but I cannot think that the whole 
doctrine of endogenous cell-formation should be brought in question 
on aocoont of the possible chances of an error of observation— an error 
too whidi It is not difficult to guard against. 
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t!io logical porfeotion as with the practical utility of our defiui- 
tioos. M'e have to define toohnical terms devised by the physician 
to meet hia daily wants. We are not trying to dasaify the pro- 
ducts of morbid growth, but to give the reader a general view of 
their coarse morphology. 

A. When the products of morbid growth are situated in the 
parenohyroa of organs, they may present themselves as — 

1. AXJKIFOBM KNLARCIBMENT of the affected organ in all its 
dimensions (iH(«ni«iecm(ui). Tliisisaynonymouswithhj-pertrophy, 
in the oldest and least scientific sense of the word. The enlarge- 
moQt may either be doe to a uniform overgrowth of all the 
tissues of wliich tlie organ is made up, or to a quantitative excess 
of some one structural element which is uniformly distributed 
throughout the organ. Wore it not more prudent to drap tho 
word hypertrophy altogether, wo might call the former variety 
true, tlie latter fahe hypertrophy. The former is exemplified in 
the museular hypertrophy due to exercise— a hj-pertrophy in 
which not only tho muscular fibres, but the perimysium and the 
vessels take part ; so that, on microscopical examination, tho 
hypertrophied muscle is not found to differ in any respect from 
a normal one. The same is true of some forms of hypertrophy 
affecting the spleen and the lymphatic glands. Pn tho other 
Iiand, we must give the name of iaise hypertrophy to such uni- 
form enlargements as are duo to an increase in the amount of 
interstitial connective tissue in glands, muscles, &.c. The vague- 
ness of our whole conception of hypertrophy, however, is obvious 
from the fact that even fatty infiltration is occasionally admitted 
into this category, 

2. A KNOT inoJux'). By this we understand a circumscribed 
tumour moro or less globular in form. In size it may vary from 
a granule barely appreciable to the naked eye to that of a 
man's head. Its size is solely and directly proportional to the 
amount of newly-formed tissue. On cutting through an organ 
in which a mass of this sort is embedded, we find it protruding 
more or less above the surface of section. Hence we may justly 
infer tliat it must exert some measure of tearing, stretching, and 
di^ociating forco upon the healthy parenchyma which surronndB 
it. Hence too its tendency to grow in the direction of least 
resistance, so that when it happens to be situated at or near the 

icfuce it causes a globular protuberance. The degree ui which 
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all these properties are manifested varies direotJy as the amouDt 
of newly- formed tissue, inversely as the amount of tissue replaced 
by the morbid products. Tlie loss the quantity of parenohyma 
which has been used up, tlie more does the growth tend tu 
squeeze it and to protrude from it. There are knots which, as 




Naked-c7o forms aasttmed by ptoducta of morbid growth : dia- 
grammatic. The shaded part denotaa the normal pareii> 
chyroa. a. Uniform airelling of a whole orgaii; a 1, Its 
normal outline; b. The knot (nodiu); c. Infiltration; d. 
Growth of a knot by infiltration; e. Flat intnmeacence; 
/. Tnber; y. Papilla; h. Fungus; i. Polypui; t. Den- 
ilritic outgrowth (papilloma). 

soon as they have arrived at a certain, and that by no means 
striking size, cease to grow by extension of the morbid action 
to the contiguous parenchyma (growth by apposition V and pro- 
ceed to increase by proliferation at tiieir centre (oentral growth). 
Tlio knot then acts almost as a foreign body. The meohamoa] 
irritatjon of surrounding parts, alluded to above, ■ssainos so 
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groat an intensity as to lead to diroiuc itiflitnimation, niul tlie 
jiFottuctiuii of connective tissue. Aa tho size of the knot 
inoroascA, the connective tissue presents more and move tlio 
appearance of a capstule, continuous with the knot only at scat- 
teretl jioints of its surface — those, namely, where tlie vessels enter 
it and leave it ; olsowlioro it is smooth and humid, often lined with 
pavement^epithelium. The rontinuity of the capsule with tlie 
knot must originally have been luiiveraat. The partial solution 
uf this continuity demands explanation, and this explanation 
can only be of an indirect kind. 

I prL'sume that all oljscrvers are agreed in regaKting the 
interstitial cavities of the connective tissue {e.g. the biirsfe 
mucosae), aa produced by the movement of organs as a whole 
upon one anotlior, tho space required for this play being fnrnislied 
by a [lartial softening of tlio connective substance. The wide 
meshes of the areolar tissue are the simplest, the articular cavities 
the most complex, examples of this arrangement. Tho case 
witli which we are now concerned is in al! I'cspecta analogous 
to the movement of one of tho internal organs upon another, 
inasmneli as no inercnso in tho snperiicial area of t]io knot can 
bo imagined to take place without some displacement of its points 
of contact with neighbouring parts. Embrace tho right fiat with 
the palm and fingers of the left hand. On gradually extending 
the fingers of tlie former we get uu approximate illustration of 
the phenomenon in question. Tho doctrines held on this subject 
by the generation immediately before our own, differ from those 
now adopted, just aa the old riew of brood- capsnlefi differs from 
ours, Tho capsule was consideretl as a pro-formed cystic op 
cellular cavity, into which tho "neoplasm" was subsequently 
poured.* 

y. An isfii.tration. This term occurs hero for tho second 
time, though used in a very diiferont and very inappropriato 
sense. When we s])eak of a tubercular infiltration of tho lungs, 
of a oancerom infiltration of the liver, we mean a uniform 
swelling and condensation of large portions of these organs, 



• Hence the old diviaton of tumours into cystic and non-cystic. 1 
former division coincided with bcuign, the latter with indlisnn 
L growtliB. We shall hereafter aee whnt mcaanre of triitli was hero 
^^^gipilicd hj the practical instinct of the physician. 
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due to a deposition of the morbid products in a very large 
number of minute foci. Infiltration is thus intermediate between 
uniform intumescence on the one hand, and nodal growths on 
the other. It need hardly be added that they pass into each 
other by countless gradations. Should, e,g.j the tubercular foci 
be somewhat larger and more isolated than usual, the infiltration 
becomes a collection of granulations. When we find a circum- 
scribed and solitary deposit of tubercle, as we sometimes do in 
the brain, we call it a tuberculous nodule. So too, we com- 
monly find a zone of infiltration round such knots as increase 
rather by peripheral apposition than by central growth. In these 
cases we may see, even with a simple lens, the creeping extension 
to neighbouring parts, in wliich continuity with the parent knot 
is never interrupted, associated with a per saUum advance, firesh 
nodules being developed independently at short distances firom 
the periphery of the primary centre ; these enlarge, and finally 
coalesce with the central knot. Such a zone of nodules may 
justly be termed a zone of infiltration. Hence the phrase which 
continually recurs in post-mortem records — " the parts adjoining 
the tumour were already infiltrated." The transition from infil- 
tration to uniform intumescence is determined by the degree of 
extension of the infiltrated parts. Should the entire organ be 
infiltrated, it is hard to see why wo should not call it imiformly 
swollen. 

B. When the morbid products are situated on the surface of 
an organ they assume the form of — 

4. A DESQUAMATION (desquamcUio), This term is restricted 
to an abundant shedding of epithelial cells. Should it be attended 
by a considerable secretion of fluid, we call it a catarrh ; thus 
generalising a term primarily applied to catarrh of the mucous 
lining of the nasal fosssB, in the course of wliich the morbid 
secretions flow down from Uie nasal cavities (Karappcl). 

5. A FLAT, TABULAR SWELLING (beetartige Anschwellung). 
This corresponds to the " uniform enlargement" of parenchyma- 
tous organs, like which, also, it is occasionally called ^^ hyper- 
trophy." Here too, the distinction between true and fidse 
hypertrophy recurs. It differs from true liypertrophy in never 
involving the whole of a cutaneous or mucous surface ; it may 
extend over large tracts of it, but is always separated fit>m tl^ 
healthy structure at some point or other by a distinot line of 
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larcation ; to this peculiarity it owes its occasional name of 
lular intumescence." It occui-s in tlie course of nianj- 
mic inflnmnmtions of the skin and of tbe arterial cuata, in 
iric fever, and in many forms of cancer. 
B. A tdbeh. The area occupied by the base of any cir- 
'ribcd swelling rcniaiiung constant, its progressive increase 
lieight makes it more and more of a tubor. The outline and 
lieight of a tuber may vary within certain limits ; when much 
elongated it is termed a wart (papilla). The base of a tuber, 
however, always remains its broadest part. Shoultl its base b? 
narrowed its edges necessarily conic to overhung it, and tho 
growtli bfcomos— * 

7. A FlTKGUs ; or, 

8. A J'EDOKCULATED TUMOUR {polypu)). Tiic distinction be- 
tween !i fmigus and a polyjius dejiends essentially on tho mode 
in which die constriction at tlie base of the tuber is brought 
■abouL Should this be merely relative, i.e. due to excessive 
proliferation in the distal portion of the tuber, wo call llie growth 
a fungns. The fungus has a broad ]>ediclo and a flattened toj). 
Should this relative narroHing of tlie base be associated with an 
absolute contraction, by the dragging of the head as its sizo 
increases, whetlier by its own weight or tlie application of 
external force, the baso gets narrowed down to a relatively thin 
stalk, and a polypus is the result. 

U. A CAUUFLOWER onowTH. This is undoubtedly tho most 
complex form which can ho evolved from a circumscribed eleva- 
tion of tlifl surface. As its name implies, it is constructed on a 
dendritic type. AVo have a trunk which gives off branches at 
igles; on the smallest twigs wo occasionally have 
or berries. Glands witli branching ducts are similarly 
ictod (tlioso known as acinous glands), Tlio anaJogj- 
liotwecn tho fii^st mapping out aiwl early development of these 
glands and that of tlie dendritic vegetations from cutaneous and 
mucous surfaces is very striking. IVe shall return to it more at 
length when we come to speak of these growtlis in detail. 
Suffice it for tlio present to say that in tho dendritic outgrowths, 
aa in the acinous glands, the essential part of the entire fornia- 
liiin is to bo sought in tlio ultimate elements of their structure. 
And hero the ultimate element is the elongated tuber — the 
ndeod no otiier view harmonises so well witli tlie 
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known course of development in dendritic outgrowtlis. A 
Himple papilla is in ever}' case the starting-point of the irhole 
series of changes ; at some iK)int of its surface it gives off a 
lateral si)rout, a fresh papilla ; we thus get a forked process, or 
a trunk with two branches. The phenomenon repeats itself, and 
underlies the most complex ramifications of the morbid growth. 

In bringing this general view of the subject to a conclusion, 
I would remark that the morphological nomenclature given above 
is very lax — tliat the terms pass into one another by imper- 
ceptible gradations ; and I insist on this fact mainly because it 
gives me anotlier opportunity of combating die pre-histological 
delusion that, when we have described the naked-eye appear- 
ances of a new growth, we have got any nearer to its essential 
characters. Tliis mistaken notion was excusable enough so long 
as minute investigation had to contend with greater difficulties 
than tliose which now beset its j)ath ; it was excusable, moreover, 
because certain morbid growths adopt one form in preference to 
otliers ; nay, some of them occur onli/ as fungi, as polypi, as 
papilla;, &c. But this, of course, does not preclude odier pro- 
ducts of morbid growth from assuming the same forms. And 
what is true of external form is equally true of tlie remaining 
naked-eye characters — of size, consistency, and colour — all of 
which have been emploved as principles of classification in the 
same mistaken way.* 

§ 70. By way of appendix, I will here allude to a peculiar 
element of. structure which may complicate the most various 
forms of morbid growth — I mean the cyst. This term includes 
every sharply circumscribed globular or spheroidal cavity filled 
with fluid. This definition does not take the cyst-wall into 
account; for although a special cyst-wall, or sac (Balg) is 
oflen present, yet it is not invariably so. The contents of 
different cysts differ widely from one another. Tliey may be 
thin, and clear as water ; tliey may be greasy or pasty ; nay, 
they may even be so thick as hardly to allow of their being 
called fluid at all. These varieties essentially depend upon the 
mode in which the cysts originate. And here we have to dis- 
criminate between — 



* Ftoiicnlarlj ai regards tumours. Cf. Virchoto, ^ Die Lefaxv von den 
^laaUuiltai Geachwultten." Berlin. 1864 
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ReUntion-njsts. — These cysts originate, as tlieir name im- 
plies, in tha rotctition of secretions : we may add Uiat the secre- 
tioDS are iuvariably Buch as would naturally bo \oided on the 
free surface of the body, whether ekin or mucous membrane, 
and then removed or otherwise disposed of. The presence of a 
recess or diverticulum, of a cavity open at one end and closed at 
the other, is necessary for the production of a retention-cyst. 
This cavity is shut off by some accident, and converted into a 
cj'st by tile retention of the matters which continue to be unin- 
torrupt^ly secreted, and which tlierefore accumulata at tJicir 
place of origiu. Such conditions are obviously most common in 
the physiological recesses of the skin and mucous membranes, in 
tlic docts and terminal cxca of the tubular and acinous glands ; 
tliat similar conditions may also occur elsewhere will be shown 
farther on. 

On inquiring into the causes which may lead to closure of the 
efferent duct of a gland, we are met by various jiossibilities. 
Tlie siinplest, yet least common mode, is that by plugging of 
the duet (oUuivtlo). Solid bodies, whose size and weight do 
allow them to pass through the ducts, nearly always originate 

precipitates, or concrefions from the fluid secretion itself, e.g. 

iaiy, nrinarj', and sali^'ary calculi. More rarely the efferent 
•dnets of a gland are stopped up by solid matters of extraneous 
origin, r.t/. hydatid vesicles. Again, a duct may be obstructed 
by matoal adhesion of its walls (oblileraCw). Causes which pre- 
dispose to this mode of obsti-uetion are external pressure, and a 
raw, ulcerated condition of the surfece, particularly when this is 
followed by cicatrisation. When incomplete in degree it is known 
as stricture (atenotu, itrlclura). Finally, pressui-e from without 
(ivrnpreitio) is sufficiontof itself to narrow, pucker, and constrict 
the duct, Tliis last mode of closure, which usually becomes 
■complicated at a later pcrioil with "obliteration," is of prime 
importance as regards new growtlis ; for not only are such 
growths in the neighbourhood of the urinary passages, Uio paa- 
itic and cholodoch ducts, capable of closing these great 
it canals by compression and constriction, giving rise 
Iboreby to colossal dilatation of that part of the mucous tube 
which is above the point of obstruction, but the same process 
19 repeated on a small scale whenever a new growth involves 
gland-Bubstance itself. Single nriniferoua tubes, lacteal 
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taboR Kmfai&xL ii:^ are eoniitrKted bv interstitial 
BoefaBi 'rp y mx hs ^z the Kt:7«ibii» aocmnnlxce: tbe long^* thisi" 

dte more \&mss dte ori^rroal ^fsmi of tbe isobted cavit}' («;. 

of 2 faoHow «MiniLer > ^t« pLue &> a spherical or ^heroidal . 
sfcspe : a 4!ir^ ^ £>nz&iiL witoee w^Ik are iiendcal with those of 
Ae or^mal dxh%. wlioi<e eoacenss are (at least in the earlier 
st^es of the process) oieiXJEifeal wich the prcqper secretion of 

A rare, bos on xbaz aL-eocmt all die more interesting variety 
of retaidoc»-inn«t9w c« dbac which Qcig:inaie!^ not in the ducts of 
^ani^v hot in the inter^thial azad intenxwommiicating lacome 
which are Idfl fcecwera tbe tnmk. branches^, and terminal papillae 
of dendritie Tcgetarioi^ It does noc appear* at first sight, as 
though these iRCerstitxal Lictmae were in anrwise fitted for con- 
rersion into erst?^ Xoc ochr do thev freelv eommnnicate with 
one another, bat thev are CTervwhere in snch firee commnni- 
eatioii with the external mediom* that it wooM be an abase of 
language to speak of orittces, or of a plugging of snob orifices. 
This b true* and continues tnie« so long as a dendritic growth is 
sitoated npon a frve and level sorfiice. Bat matters take a difie- 
rent turn when tbe o^rowtb starts finom the inner surface of a 
caritr. Take a papilkmia protrudiog finom tbe external os into 
the vagina. A time must needs come when tbe growth fills the 
canal of tbe vagina so completelj that its walk b^in to exert a 
lateral reaction upon tbe tumour; and this counter-pressur& 
must increase in proportion to tbe bulk of tbe tumour. The 
papillse {ure bent towards each other ; their convex surfiuses are 
made to touch ; they ultimately coalesce along tbe lines of con- 
tact, and thus convert the open inter -papillar\* space into a number 
of minute, tubular crypts which difier finom tubular glands only 
by appearing, in transverse sections, to be bounded, not by 
circular outlines, but by tliree or four arcs, convex inwards, arcs 
which correspond to the convex surfaces of the contiguous and 
coalescent papilla;. These tubes are quite as well adapted as 
gland-tubuli for the development of cysts ; all that is required,, 
indeed, for the occasional closure of one or other of these inter- 
papillary spaces at its external orifice, or at some }X)int in its 
continuity, being a continued operation of the same external 
pressure ; and so a retention-cyst is formed. 

This is an excellent opportunity for realising how any accu- 
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f fluid teads to U'ansform tiio cavity in wliicli it is 
contained, whatever its original slia{)e, into a ;^pliere (fig. 32). 
Before retention begins tlie inter-papilLuy spaces exhibit, on trans- 
verse section, triangiUai' and four-eomarcd figtires with incurved 
sides and very acute angles, figures sucli as necessarily follow 
from the apposition of cyluitbical bodies. As the fluid accu- 
mulates, the acute angles open out, Tlicy pass througli a para- 
bohc into a simple curve, Tlie inflesed sides, for their part, are 
gradually depressed till their coavexity is quit^ effaced ; and 
these two <ieta of rao^elnonts co-o]N.iite to give the space a cir- 
cular figure when cut across — tlie tJivitv becomes globular. 

It TCOuld lead me too far nere I to ittcmpt in this place to 
give a detaded anal^MS of tlie physical law which governs this 
series of phciiomtna I will content mvaelf witli reminding the 
reader tliat of -ill stereometric bodies tlie sphere is that in wluch 

I&e capacity is greatest in proportion to the area of its surface, 
■a long, theicf jre, is the content's of a bod\ continue to increase 

Papilloma cjsticura from the portio vftginulia, showiiiK ci 
sion of inter-papiHary fisaures into retention-cysts. 

in amount, witliout any corresponding extension of its internal 
surliice, the body must necessarily tend to assume a spherical 
form. The present is a, case in point, I may add that the 
principle wliicli we have just seen illustrated by a single example 
is one of very frequent application, in the organism. I need 
only allude to tlie shape of the eye, of the urinarj' .ind gall- 
}dder, of the heart, &c. 
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case. ppDfd««ti I7 'lut sKtEiiaLCL -iif i 'taemiL ynnR«F : ^ 2$ jse- 
Icnocd. T^ ferancjsa:;?: :^:r C3:3li3&:a-':7ic» 3» iEsi si muons 

of ibc Inuci lead -ccri. il-i-r^cTer. z2x aneossalbcacB «f flaSd is 
dafr* nv; «> 'ilriE* <ciDDEZ£:3az:<i;^ -'A zhut Tjztmal ivcnfikeu Inn VC" an 

dmn agadn mader me iikir diT^z^e issmcs — mcec of viudi aro 
deriTcd frtjiEn uk- -wasierj canire of cl^ir co M e c a — as cropsaes, 
fargTrmata. brdaud^. k^. •:: tbe ^iifferf Pt crsai» of tbe bodir. 
Of greater i&caKm for «ir rresent 5ac^<c« are ibe — 

c £iifi7sii!uaium-^«#^ A pareQchrmaxcMK ca H non ii age may 
readilj sezre as !£* *ian£z:^-j>>int for iLe develvf-cieE^ of a eysL 
It were diffieo!: icdeed to cive :he name of a crsc co a shapeless 
clot of e Airai a bated Ucod not anoothhr and ^faazplv marked od* 
from the neig MMi i ifin g parencfarma. bnt kaving h invgolarly 
torn and bfrofcm op. The extravasation mar in some cases^ how- 
ever, present tbe characters of a cyst firom the tcit firm a*. 
when the blood has been potned out between two mr&ees whieli 
are natnraDy smooth (e,p. between periostemn and bme, between 
cartlhige aikl periehondrimn;, and continues in a flnid state ; or 
it ma/ be oonverted into a erst by the prodnction of a layer of 
eoraective tissne from the adjoining parenchyma on the one 
hand, while on the other the Uood itself midergoes a series of 
metamorjibose?*, ending in its being almost wholly absorbed and 
replaced by a clear fluid. 

d. CysU due to $oftadng. In studying the varions '* conditions 
of inrolntion '*'* to which the tissues are liable^ we came across 
more than one process which led to softening — to the formation 
of a morbid flnkL I allude more particularly to fatty d^enera- 
tion and mucous soflcning, the former of which, under certain 
eonditions, may yield a milky emulsion, the latter a fluid dear 
•■ water, containing mucus and albmnen. 'Should the escape or 
die abaoqitioo of these fluid products of aofkening be hindored, 
tfaiir local aecomidation, without fiurther changei maj ofier all 
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a cliaracters of a cj-st due to softening. It will Jo tliis mora 
C5peoia!]y when it is shut oft' by a smootli aud aliarp bouiiJary- 
liiic. TKat sucli limitation of a cyst due to softening is not 
hroaght abont by aiiy membrane capable of being anatomically 
isolated, lies in the very iiatiiro of the thing. The presence of 
sudi a membrane may very well be slmulatod, however, by aU 
tlie textiiral elements situated on the confines of the aiFocted 
region being in tlie same stage of me tamor pilosis, and thoa 
forming a layer which differs equally from tlie healthy paren- 
cltiTna and from the fluid products of softening. 

So long as one of these cysts continues to enlarge by the 
extension of softening to surrounding parts — so long, in a word, 
as it remains a mere "centre of softening" (Erweiehnngslieerd), 
it has no true limitary membrane. But a cyst originally due to 
softening may subsequently obtain a lining membrane. In a 
case of this sort, the softening process comes to a standstill, and 
the adjacent tissues are organically marked off from the softened 
jnirt. Like all interstitial cavities in the paroncliynia of the body 
(whether physiological or morbid), the cyst is lined by a con- 
tinuous layer of connective liasue, which may, under certain 
conditions, become coated with epithelium. It ia then analogous 
in all respects to a bursa mucosa. Any changes ivhich the con- 
lentH of the cist may subsctjuently undergo depend on their 
relations with the blotxl -vessels ramifying in the lining membrane : 
lould they increase in amount, their increase is due to cxnda- 
n from tlie blood. The cyst dnc to softening may thus become 
retiag cyst 

[ In oonclusiou, let me repeat what I iave said already in the 
! of the foregoing pages, that for the history of morbid 
" a retention -cysts are of prime importance ; next come the 
i dne to softening and the liJEmorrhagic cysts; while the 
btion-cysta have next to no connexion with the subject. In 
t nomendature of morbid growths we usually employ tlio 
' K 0/eto, to denote that they are complicated with cysts ; thus 
nk of cystosarooraa, cystoearcinoma,&c. 

2. On Nohmal as a Type of Morbid Gbowth. 

K 71. Tlie preliminary observations of a general character 
tttioed in the foregoing sections have brought us to s point 
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at which it becomes necessary to classify the products of morbid 
growth. Now tlieir minute structure affords no adequate basis 
for classification; we must seek aid from some principle of a 
broader kind, and such a principle can only be found by 
attempting, as already suggested, to institute a careiiil com- 
])arison between die phenomena of morbid and tliose of noimal 
growth. We must distinguish between the initial and the later 
stages of normal growth, for it is chiefly among tlie latter that 
we find the analogies of which we stand in need 

Tlie first foundations of every organ are laid by the diffe- 
rentiation of elementary parts which are originally equivalent. 
Tliese elementary parts are small round cells, furnished with 
large nuclei ; the blastoderm and area germinativa are formed 
by a continuous aggregation of these cells. The separation of 
the blastodermic membrane into three layers, which next ensues, 
has recently been subjected to much discussion. So much 
appears certain, that the organs of locomotion and sensation are 
developed from the upper layer ; from the under one those of 
respiration and digestion, while the middle layer is destined to 
fonn the blood-vessels and the connective tissues. His believes, 
however (and his view is to some extent confirmed by Waldeyer^s 
researches), that from the very first moment of this subdivision 
there exists an absolute contrast or opposition between the upper 
and lower (two outermost) strata of tlie blastoderm on tlie one 
hand (the organojwietic strata proper, which, taken together, 
fonn tlie tieuroblast)^ and the intermediate layer, the hcemcblagt^ 
on the other ; the latter being formed, not, ste has hitherto been 
supposed, by a splitting of the inferior layer of the blastoderm, but 
by an independent ingrowth from the edges of tlie discus proli- 
(jeruK It would indeed be interesting to find the independent 
character of tlie blood-vessels and the parenchyma, of the nutrieiis 
and the nutriendum^ shadowed forth even in these earliest stages 
of development. The mutual independence of these two great 
components of the organism is definitively established, when 
the fii'st mdiment of a vascular apparatus, the area vasadosa, 
makes its appearance ; and there can be no doubt that it affects 
the Ulterior development of the individual most profoundly. 
From this time forth, no sooner is any new organ differentiated 
from the continuous aggregate of embryonic cells, no sooner do 
we gather fix)m the mode of aggregation of the specific elements 
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iliat a musolc, a nerve, a gland, ic., is being formed, tlian the 
V3«5calar system sends a looped process into it, and takes posses- • " 

uon of the new territory, as it were, in the name of the organism 
as a whole. Every fresli vascular loop is nn outgrowth fi'oni a 
(>re-existing loop, so that the miity and independence of the . 

cutin syftem remain preserved. This law continues in force 
(hrou^out the whole course of subsequent growth, and is man!- ' 

fc«t«d afresh in the adult organism whenever tlie occurrence of 
morbid growth gi^es it an opportunity. 

Parsing now to the consideration of tlieso later stages in the 
growth of organs, wo are unhappily obliged to admit at starting 
iliat our knowledge concerning them is still very defective. It I 

is only about the growth of bone that wo possess adequate data. 
The mode of gi-owth of epithelium is a question which presses 
for a solution. A few acatteretl facts are on record eonceraing 
die growtli of the innscleii and tendons. Tlie main point, the 
wntnil fact, which requires to be established in all these cases, 
h tlio relative sliai'c in the formative processes taken by the 
specific and fmictionally active elements of each organ on the 
one hand, by the conjoint vascular and connective-tissue s}'stcm 
on tlie otlier ; the latter system, in its entirety, will henceforth 
bo termed the internal or intenncdiato apjiaratus of nutrition. 

A <Iesoription of the growtli of the ikteemedute apparatus 
. OF JJiTiiiTiON itself forms the best introductiou to a brief review 
of these processes. As regards the most important of its constitu- 
ent elements, the vessels, wc follow Billroth in discriminating be- 
tween three modes of vascnlarisation de noro (Gefasaneubildung). 
The priniart/ mode, which occurs only in the area vaseulom, con- 
sists in a direct dilfcrentiation of the embryonal cells into red 
btood-corpuscles on the one Iiand, and tlie structural elements 
of the vascular walls on the other. We can sec the cells closing 
up along certain definite lines, to form denser cords; those 
axially placed next assume a red colour, and begin to move in a 
clear fluid which collects round tlieni ; while those at the 
pcriphen.-, remaining stationary, eo ipso represent the vascular 
walK Tlio walls of the new vessel are not indeed marked off 
from tlie surrounding parenchyma by any distinct boundary- 
line ; on the contrary, wo get the impression of a continuous 
ma^, through which canals arc tunnelled in every direction; 
trer, single cell.') continuo here and there to separate from 
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the islets of parenchyma, and to enter the bloocl-currcnt, where 
they are converted into blood-corpuscles. Sach phenomena as 
these, however, are only apparently contradictory to the well- 
known structure of the apparatus when complete. Tlie very next 
step clears up this point This step is the formation of an endo- 
thelial lining to tlie vessels, which is justly regarded by Eberth 
{Strickei'y " Manual of Histology," Syd. Soc. transl., i. 264) 
ns the essential basis, tlic only universal and characteristic ele- 
ment of the vascular wall. With the formation of the endo- 
thelial tube, which, as the reader is aware, consists of a very 
delicate membrane, made up of elongated, polygonal, nucleated 
cells, all detaclunent of cells from the inner surface of the vascular 
wall is at an end, and a definite boundary-line is established, 
beyond which the parenchyma, in the broad sense of tlie word, 
may be said to begin, whether it consist, as in the present case, 
of embryonic tissue, or of connective substances, or of connective 
tissue with muscular fibres, &c. 

Tlie completion of the endothelial tube brings the process of 
primary vascularisation to a close. Should a new vascular loop 
be required, it can only be formed by a protrusion of the endo- 
thelial tube. Such a protrusion is therefore constantly asso- 
ciated witli those modes of vascularisation which Billroth calls 
secondary and tertiary. It occurs most manifestly in the tertiary 
mode. In this variety caecal protrusions may readily be seen to 
occur at certain points in such capillary vessels as are already 
pervious ; these gradually extend, and finally bend round in tlie 
form of an arch, to rejoin the parent vessel ; or two such protru- 
sions may meet each other, with the like result of producing a 
new capillary loop by their union. A more minute examination 
demonstrates the presence of certain fine, threadlike processes, 
whose exact relations are ratlier hard to determine, in connexion 
with these ca?cal protrusions (fig. 33). The best object for this 
investigation is undoubtedly the transparent border of tlie tail of 
a tadpole ; but even here the vessels are surrounded by a number 
of stellate connective-tissue corpuscles. Should we find tlie pro- 
trusions from the capillaries continued into these corpuscles, they 
may be viewed as identical with the threadlike processes, and wo 
infer that the development of the capillaries takes place by a 
direct metamorphosis of corpuscular elements ; should we &il, 
on 'the other hand, in demonstrating any such cmtinuityi tlie 
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threadlike processes will Imve to be regarded as peculiar structures^ 
wliidi serve to map out the course of the future vessels. Long 
and patient investigations have letl to the conclusion that either 
alternative is possible. The capillary protrusions neither seek 
nor avoid the corpuscular elements Tlie direction of tlie future- 
vessel is determined by conditions of a more general order ; 
should it happen to coincide with a neighbouring cell, this takes 
^^HWU'I in forming the wnll of tlio vessel ; should it coincide n-itlt 

P; 




Tertiarj TDBcnlariMtion. Border of tftdpolc's tail. n. Capil- 
laries i L LympbaticB; i;. Vtucukr buds; <J, Ditto, in 
conneiion with a connective-tissue corpuacle; e. Free 
border, with epidermis, 

the houndarj-line between two adjacent cell -territories, we see 
the vascular bud taking an independent course. According to 
the outer surface of tiie capillaries is continuously coated 
thin layer of protoplasm ; the protoplasm is not confined 
ihe nucleated [wints ; and this view would at once provide us 
with materials for the development of our vascular buds. That 
these really consist of protoplasm is shown, on the one band, by 
iheir optical similarity to the j.rotoplaamie processes of tlic con- 
noctivB-tissuc corpuscles; on the other, by tho fact that tlicse 
processes can take their place in tlic development of new vessels, 
the new capillary is thrown open to the blood-current^ 
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the protoplasm forms a tliin layer over the entire sorfiBLoe of the 
tube. It then stiffens, foiming a membrane which differs ia 
no respect from that of the parent-vessel, with which, indeed, 
it is uninterruptedly continuous. Should connective-tissae cor- 
j)uscle8 have taken part in the construction of the new vessel, 
they take their place, after the metamorphosis is completed, among 
the constituent elements of tlie endothelial tube. 

Secondart/ vascularisaiion is almost exclusively oonflhed to 
tlie domain of patholog}- ; it may be regarded as a modificadon 
of the tertiary mode in so far as it also is associated with a 
gradual dilatation of the endotlielial tube. It differs from it, 
however, in the greater prominence assumed by the apposition 
of new elementarj' i)arts to the wall of the vessel. The course 
of the future vessel is mapped out by a cord of spindle-shaped 
cells, tu'rangctl in parallel rows ; these cells undergoing direct 
conversion into endothelial elements when the axial lumen comes 
to be tlux)wn oi)cn. The many varieties of this secondary mode 
of vascularisation will be more fully examined under the head 
of Inflammation and several species of tumours. 

§ 72. Tlie second constituent of the intermediate apparatus 
of nutrition is the connective tissue. From the embryological 
point of view, tlie tenn *^ connective tissue" embraces that residual 
l)ortion of embrj'onic tissue which is left between the blood- 
vessels on the one hand, and the ftmctionally active tissues on 
the other. The parenchymatous islets of the middle layer of 
the blastoderm are eitlier usal up or pushed aside during the 
development of the organs ; and in proportion as they undergo 
one or other of these altcniatives, we find the organs provided 
witli a larger or smaller amount of connective tissue. In some 
•organs hardly any connective tissue can be shown to exist, as e.g. 
in the kidney and the testicle ; the lobules of the liver appear to 
be exclusively made up of capillary vessels and secreting cells. 
Yet it is possible to discover with absolute certainty small 
quantities of unformed connective tissue both in tlie testicle and 
in the renal parenchyma ; and where even this minimum is lacking, 
as in the hepatic lobules, the connective tissue is represented by 
the capillary walls tiiemselves. For the ceHs of the endothelial 
tube are equivalent to tiiose of the connective tissue ; indeed, we 
liave already seen that the latter are capable of directiy replacing 
the former in the tertiary mode of vascularisation. Moreover, 
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Hind that llie cells of tlio las aubcutaneoiia con- 
may exhibit a flattened form ; this shows tliat the 
connective-tissue corpuscles are generally disposed to adopt the 
form of thin lamellae when they happen to lie in interfibrillar 
spaces of considerable si^ee. The evidence as to the honiologj- 
of the connective- tissue corpuscles with the cells of the endo- 
thelium is complete<l by the homology of their formative pro— 
dncts, products which both are capable of yielding in a certain 
measure, as we shall see hereafter. Of course I refer only to the 
stationnry cells of the connective tissue, to the connective-tissue 
corpuscles of Vitv/iow; my remarks must not be taken to apply 
in any sen.se to the mobile cells discovered by v. RicklvigTumgen. 

Tho connective tissue extends wherever tlie ^-esBDls extend, 
and even beyond tliem. It gives an outer coat to the vessels, 
it sen'es to continue their walls into the interstices of the organic 
stnictnres, and inasmuch as all tho vessels are interconnected, 
the vaacnlar system together with tho connective tissue consti- 
tutes an elaborate framework, in which the reinnining morpho- 
logical elements of tho body arc embedded. In a word, tho 
connective tissue is so extensivelj- distributed tlu'oughont the 
body, that it Is impossible to make a cut at any point without 
damaging tlie connective tissue, without exposing it at numlier- 
less points of tho cut surface. 

5 73. Let us now glance at the conditions regulating ita^ 
growth. Obsen-ers aro all but imanimous in holding that for 
the production of any quantity of connective tissue a pro- 
portional quantity of ombnonio tissue is required. Tho latter 
consists of nucleated particles of naked protoplasm, forming 
in the aggregate a verj- soft and clastic substance, of a pale- 
grey hue. It is \cry readily generated wherever tJie need arises 
fw an extension of the intcnnediate apjinratiis of nutrition ; 
aud it is certain moreover that the required amount of em- 
bn'onal connective tissue is produced by tho intermediate appa- 
ratus of nutrition itself. This is one of its most fimdamental 
properties and functions, and unquestionably plays the most 
important part in morbid growtli. It is only tho mode of its 
prodnction which is still in urgent need of elucidation. I say 
"still," inasmuch as the importance of the question for onr 
general conception of morbid processes is so great, tliat it may 
lUv be regarded as the comer-stone of all past and present 
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v.m vMn«*i :rene?tbi -v*^ are lUiw •n^miemeL is Idenneal wtdi die 

•••/*^'^'^- ^'^ till- olarttif* •^xuiLuIon ^rf the InzmoEnIis_, 

'.v^ju.^e f -* ;*rriiirWrarioa of •:f>niitictiv»*-»i«ae ^Torpaadjes.** with the 

wtumulation or emi^rrint Ieuc«*ovtes <E*covereti b^ ColuJ^iau 

iif!n -ve ^Aixie Vj •ILwnas the theorv or inflammacioc we shall 

\si^et •'iocartion to fjecome anqaainteri with the data aiforded bj 

raor.arl hUtrilo^y In rrferenrK to thi.-* questioa: sojfice ic tor the 

:*rfiHf:nr. v» »av that the D«-i*ftibilit\r ot' the mi^ratioEi oi g^Aj uifc a s 
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■ aftir acrrumTxIation and airgregati«ja. has been plaeeii oq a sure 
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ri*^if*n of the prf-exwtinir --tationary oorposcles is not exx^nded ; 

!:iay, mitit in r:ertain ca.*es be '^onaidererl indispensable. 

5 «•*. The ^nb«erjaent metamorphoses of the yoonfi: eon- 
nective tl.«>.4ue. the formation of intercellalar ^nbscances of different 
kind^, and the resaltin'^ eon^titation of the various members of 
the ci-innectivft-tisaTie aeries, I must assume the reader to have 
IfAm^-fl from books on normal histology (see RaHUtCs artide in 
Strir^kerji Handbor>k. S^-d. Soc. transL, voL i. )- We will do well 
to distini^iish rijroroa*lv between such connective sabstanoea as 
^Tfin.stitute indeji^-ndent organ*^, or parL^ of organs, between the 
formrjfl or fuiictionallv active connective substances (cartilage, 
Ixine, tendon, ^c. ), and the formless, passive connective tissue, 
whicii sencs only to till up gaps, and which the older aathors 
called «• cellular tissue." Henceforth I shall employ the term 
" connective tissue" to designate the latter \-arietT only ; it is to 
this variety alone that die statements made above concerning 
the ubiquity of connective tissue in the human body, concerning 
the affinity of its cells to those of the endothelium, concerning 
its signifi^ce as a proximate constituent of the mtermediate 
aupanitas of nutrition, refer. I must not be understood to 
question the relationship of diis .-ariety of connective tissue to 
the formed connective substances (gcformte Brndesubstaiu^n); 
on the contrary-, it will appear in the sequel tiiat a clear idea of 
their relationship is of pccuKar moment for the right mte^n^ta- 
tion of many morbid phenomena; I only want, wuh reference 
to the crowih of organs, to ertablish a timely distm 

tbow «Pg«» ^^^^ ^ ™^® '^P ®^ ^^ connective snbetanoes, 



and diat apparatus which supplies tlie necessary pabiilaiii for f/wtV 
growtli, as well .as for that of the muscles, nerves, glands, Hm. 
This "connective tissue" mT VfoxT^i must detain ua for yot a 
iDoment while wc consider how its corpuscles originate from cui- 
bryonic cells. The form assumed by these corpuscles doiiends 
essentislly on local conditions, upon tho space available for their 
c^'dution. Tlio great majority become spindle-shaped, corres- 
ponding to the elongated interstices left for their reception be- 
tween tlte fibres of the connective tissue. ^Vheiiever tiie basis- 
substance allows tliem to expand freely in all directions {iis in 
macous tissue) tlicy readily aasumo a stellate form, and anasto- 
rooso with one anotlier by means of their processes. Should 
thay lie in tlie narrow tissurcM between fibrous bundles and 
lamella; of larger size, they become Battened, forming epithelioid 
pltites, or else tbey may continue, even in tliis flattened condition, 
to give ofT anastomosing processes, as in the cornea and litiiiiii 
intuua of tlie arteries. Thereupon a portion of the protoplasm 
Ktry commonly stiffens into a homogeneous, coloiu-less, highly 
refiracting snbstanee ; wc got stt'llate figures, plates, and fibres, 
which must bo carefully distinguished from the plates and fibres 
of the intercellular substance; the necessary criterion being 
readily afforded by tlicir chemical properties, inasmuch as they 
do not, like tiic intcrcclhdar substance, swell up and disappear 
on the addition of acetic acid. It sometimes happens (llffa- 
inetdum pecttHatitm) that the entire ecH, together with its nucleus, 
undergoes the metamorphosis in question. More commonly, 
however, tlio nucleus remains unaltered, together with a residual 
portion of granular profoplasni, occupying, as a rule, the centre 
of the stiffened coll. Tins is how tho statwnari/ corpuscles of 
the coimective tissue originate ; and iu this state they remain 
daring the whole life of tho individual, unless they are roused to 
renewed activity by pathological irritation. 

5 75. We come now to tho lymphatics and lymphatic 
GLAJrus. ITiia is the tliird and last of the chief constituents of 
the intermediate apparatus of nutntion — tlie last iti jtoiiit of 
time, not in point of im|>ortaiice. It is only when the rate of 
embryonic development enters on a slower phase, afler all the 
other organs liave been mapped out, aud even developed to some 
catcnt, Uiat we can detect any lymphatics. Lymphatic glands 
arestill later in making their appearance. This is undoubtedly 
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connected with the function of the lymphatics, as drains for the 
removal of superfluoas )>abulum. So long as tliere is no super- 
fluity of pabulum, inasmuch as it is all used up in the construc- 
tive j)rocess ; so long as the outer coverings of tlie embrj'o are 
not too thick to check the free transudation of fluid, there can 
Ije no need of lymphatics. Contrariwise, we might predict that 
any obstacle to the escape of lymph must needs give rise to 
luxuriant growth of new tissue, to catarrhal and other secretions 
of all sorts from the affected surface ; and this prediction would 
often Ijc found to come true in tlie domain of pathologj-. lieck- 
VmghnuserCa l)eautiful researches into the lymphatics and the 
mode of their beginning in the tissues, have taught us that they 
are lined with precisely the same pavement of nucleated endo- 
thelia as the blood-vessels. Tliis is also true of those still 
finer juice-canals which, according to the same observer, con- 
stitute the first l)eginnings of the hnnph-path in the connective 
tissue, and communicate by minute pores witli the apparently 
caecal ends of the larger lymphatics. These canals generally 
present the form of flattenerl, stellate lacunae, and are indeed, 
for the most part identical with tliose fissures and stellate inter- 
stices in wliich the flattened cells of the connective tissue (/?«/*- 
rier) lie. As the lymphatics extend farther into the connective 
tissue, the minute communications with the juice-canals, alluded 
to above, become simply dilated (Kdlliker) ; and this affords 
additional evidence of the homolog}- between the connective- 
tissue corpuscles and the cells of the endothelium. 

§ 76. The state of things as regards the glands is far harder 
to determine than as regards the lymphatic vessels. We are still 
in want of a thoroughly reliable account of their development. 
Tlie older views of Brescliet and Engel^ who traced their evolution 
from plexiform knots of h-mphatic vessels, have been lately 
reproduced, and . that too in a form ineomimrably more plau- 
sible.* I feel obliged, however, to reject them. Tlie specimens 
prepared by «7. Orth^ have led me to concur with him in holding 

• Sertoli found that lymphatic canals lined with epithelium were first 
produced, that the connective tissue round them noxt underwent n \' 
feration, and that corpuscular aggregates in this proliferated tissue 
then developed into gland-follicles. ^etft 

t /. (M^, " Lymphdrttscnentwickelung." Inaugural Dissio^ 
Bonn, 1870. ^^^'^ttotx. 
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ttiat tho 6r9t rndinient of a lympliotic glniid is a collection of 
t-mbryonio tissue, very highly vascuJarised, which forces its way 
bclwc*n the fibres of tlie aurroundiiig connective tissue, thereby 
forming for itself a capsule. It is only af^r this has taken 
plitce tliat a clear sub-capsular space appears at its periphorj-, 
and interstitial fissures becomo visible in its interior ; the latter, 
by theii- connexions ^yith the peripheric zone, partitioning tho 
gland-substance proper into follicular cords and terminal nodules 
in the usual way. From a purely physiological point of view, 
tho lymphatic gland presents itself as a local dilatation of tho 
Ivmph-path, filled with a new and peculiar kind of tissue — the 
" IjTnphadenoid tissue." This is made up of lymph -corpuscles 
embeclded in the well-known reticulum ; it is held to be the 
great breeding-ground for the colourless coi-puscles of tho 
Mood ; and as it is generally agreed that the red corpuscles are 
evolved from the colourless ones, and that the migratory cells of 
the connective tissue are colourless corpuscles which have escapetl 
from the vessels, tho tissue of the lymphatic glands may bo 
regarded as the common source of all the mobile cells of tho 
entire intermediate apparatus of nutrition. Unfortunately how- 
ever, this hypothesis, like many others on tho genesis of tissues, 
ittill rests on an uncertain basis. Wc must admit that the lymph- 
corpnscJes in tlie glands have hardly ever boon seen to divide, 
Iho assumption reposing mainly on the old and readily demon- 
strable observation, that the lymph contains fewer corpuscles 
before its passage through the glands than after it. But may 
not this increase in tho number of corpuscles be due to emigra- 
tion from tho blood-vessels ? There seems to be no reason why 
leucocytes should not escape from the vessels iu a lymphatic 
gland as well as in any other organ ; nay, the very fact that the 
lymph-corpusclea are moat abundantly generated during tho 
digestive hypenemia of the alimentary apparatus, in which, as 
wo all know, the lymphatic glands take a conspicuous share, tells 
rather in favour of this theory than against it. For my own 
part however, I would rather not iry, on auoh grounds aa^thcso, 
to overthrow the doctrine which has attained right of citizenship, 
and which is so very plausible u priori, that new cells originate 
in the lymphatic glands by fission of the lymph-coqjuscles. I 
eontinue to regard the lymphatic glands as organs, which tho 
»diatc apparatus of nutrition may bo said to construct for 
7 
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%;y^A.-v.-^* of r.ri:.-i:l--,r. .-•-: nei: cbip:*r . In :he lA::cras in the farmer 
'jiv:, rr.ijrraT.'on '/ i^Tls. f:ll:-»e»l bv ihcir £s*:cn. underlies all fonnaixTc 
v.-.'t!*t. ErrJj^ticn brir-2^ rhe eells :n:o .v':f.:"^ :.•:». fl-- *:^5#«'-#, and 
fcfT'yrl*. th«Tn a crwnparatiT*: measure of rfi>."'*f • and these conditions 
iM^irm t// d<!iermir.o first their amoBboid moulirr, and secondlT their fissi- 
{ArouR multiplicatico. I am convinoed however, that fission rather than 
rriffrration ii the proximate and effcctire cause of indammatoxy production 
and \\a ^prowth of histioid tumours. To this is due the colossal size 
whi'.'h th^i^ie tumours may attain, such enormous increase depending on 
the inadequate derclopment of the lymphatics, which are thus nnaUe to 
proride, as they do in the case of the lymphatic glands, for the doe 
remoral of the excess of cells. 
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once the birthplaoe of young leucocj-tcs, and the grave of such 
red coqiuscles as are growing old. 

S 78. So inucli for tlio genesis of tlie conjoint blood-vascular 
and poiincptive-tissue system. We mark the distinction be- 
tween its stationary' and its mobile cells. To tlie former class 
belong what used to be called tManneetire-tissm; corpuscles, 
tlie emdotiielia of the blood-vessels and l)-inphatics, the stellate 
and anastomosing cells of the lymph-siiias and the splenic pulp, 
and finally the epithelia which Hue the serous cavities, since 
these aro (according to Sfc/claiffliattgni) in direct communication 
willrthe lymphatic sysfa^m. The mobile cells are represoutod by 
the blood-corpuacles, and of these the colourless ones are pecu- 
liarly prone to accompany the nntrient fluid in its passage 
through the walla of the minuter vessels ; after traversing which, 
some, as " migratory corpuscles of the connective tissue," place 
themselves at the diipoaal of tl»e growing organs to be employed 
in tLe constructive process, while others make their way back 
into tJie blood through the lymphatics. The stationary oop- 
pusolcs originate from the mobile cells ; how tlie latter originate 
is still unknown. The colls in the parenchyma of the lymphatic 
glands and tlie spleen have the best claim to ba regarded as their 
normal source. Yet if we bear in mind how the lymphatic 
glands themselves originate, wo shall probably havo to admit, 
as a fundamental postulate, that all colonrlesa corpuscles, when 
once they liavc escajieil from the circulating current, begin 
to migrate and to undergo division. 

§ 79. Passing on to consider the growtli of tlio remaining 
•organs of the body, we will devote our tirst attention to Cartilaqg 
' Bone. Everj-body knows that in-sections of young cartilage 

cells are (with hardly an exception) distributed through the 
groups, or at all events in psurs. The connexion of 
any two cells is e^Hdent from their each having a oonvex and a 
plane surface, tJic jilane surfaces being opposed to one another. 
One is involuntarily led to think that they form tlie two halves 
of a globular body. That the appearances are really due to 
fission is shown from tlie occurrence of pairs of oclls, which are 
still contained in a common capsule'. Add to this visible pro- 
liferation of the cells, the intercalation of fresh intorcoUuIai- sub- 
stance which separates the independent halves of the divided 
proper extent, and we havo the well-knowo scbemef 
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according to which tho growtli of cartilage proceeds. I do not 
wish to cast any doubt upon the importance of these observed 
phenomena ; but I must guard mjnself strenuously against being 
supposed to think that the growth of cartilage is provided for, 
even in major part, by this internal multiplication of cells and 
intercellular substance. Cartilage grows mainly by peripheric 
apposition. TIio perichondrium Aimishes embryonic cells, which 
proceed to surround themselves with a layer of hyaline inter- 
cellular substance, which becomes continuous with the matrix of 
the existuig cartilage. Tlie oftener this process is repeated, the 
more cells does the cartilage contain. Those cells which were 
originally peripheric are gradully pushed towards iho centre; 
and it is not till after this has occurred that the second factor in 
the growth of tho cartilage comes into operation, sc. the gradual 
enlargement and subsequent division of the individual cells as 
they advance towards the centre of tlie mass. During this cen- 
tripetal movement each element divides from one to three times. 
The division always occurs at the thickest part of the cell, in a 
plane at right angles to its long axis ; hence the highly charac- 
teristic forms of tho daughter-cells and their progeny. Half 
and quarter spheres, cones, &c., retain their peculiar shape 
throughout life, owing to tho density of the matrix; for the 
same reason the cells which result from fission are never far 
apart, so that in tlie cartilages of an old man of ninety we may still 
observe those appearances which, when we saw them in young 
cartilage, led us to attach so high an importance to the internal 
growth of tho tissue ; in either case moreover we can determine 
with equal certainty whether the original cartilage-cell under- 
went fission once, twice, or three times, before assuming the 
final attitude of its repose. 

Quite independent of the phenomena of normal growth, 
is a peculiai* metamorphosis of hyaline cartilage, ivhich we 
find (apart from morbid states) wherever the cartilage ad- 
joins a growing bone. Whether tho cartilage takes any active 
part in t^e development of bone, whether cartilage-cells, or even 
descendants of cartilage-cells, can be converted into marrow- 
cells or bone-corpuscles is still an o])en question. Tho metamor- 
phosis now imder consideration must however bo regarded 
as a passive participation of the cartilage, in so far as it re- 
places the unyielding hyaline substance by a soft material, 
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wbicli offers no resistance to the extension of tlie osseous trabe- 
cule and tlio iiigi-owtli of tlie medullary pnpjlla?. The cartilage- 
CfUfi again proliferate; and tlieir proliferation, owing to tlie 
sintultancous liquefaction and partial reabsorptlon of the inter- 
cellular subftauee, assumes very considerable proportions. Eadt 
coll gives rise to from eight to sixteen very largo daughter- 
cells. TJjcse are separated only by ^ery tliln trabeciilse of basis- 
snbstance, and form cylindrical columns, disjiosed at right angles 
to the surface of the growing bone. The vascular papilhc of 
the medulla penetrate into this soft, large-celled tissue as readily 
as though tUey wore gi"owiug upon a free surface ; they 
break down all partitions ; and it is only where tlio form and 
position of the medullars' cavity happens to allow it, that one or 
otlier of the stontor trabecular of the former niati'ix is retained 
as a sort of framework, on whicli laycra of young bone-tissue 
!iro de{>Dsitc(L To conclude : here, as in sub-periosteal growth, 
the bone needs no antecedent condition for its development, 
beyond the presence of a vascularised embrj'onic connective 
tisaae, which is everj-where produced n])on its confines by tlje 
intermediate apparatus of nutrition, whether this bo represented 
by medullary tisane or by jwriosteum. I will say no more at 
present about the growth of bone ; ample opportunities for doing 
this will be afforded in the chapter on Diseases of the Osseous 
System. 

5 8(1. As regards the growth of tlie muscular oroaks, we 
know that the first muscular fibres, whettier smooth or striated, 
originate everj-^vhero from einbrjonic cells. Where smooth 
muscular fibre is needed, the cells are converted into the well- 
known spindle-shaped or ribbon-like structures, while their 
nuclei assume the foi'm of elongated cylinders (staff-shaped 
nuclei). In the wise of striped muscle, the ceils, a«.-ording to 
KoUikfT, increase in length, tbfii" nuclei undergoing repeated 
flssion, until tlio proper length is readied. (According to other 
authors, each fibre results from tlie apposition of several cells.) 
The strij)ed matter is then differentiated fi-oni the protoplasm, 
and becomes a cylinder whoso diameter goes on increasing, 
while the nuclei ore pushed to one side, where they combine with 
the residual protoplasm to form the nmscle-corjiuscles. 

The after-growth of striped uiascle consists, according to 
(fli£tfr, of a simple iocrcase in the length and thickness of tho 
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^Mj0baaf 'fitnb. T^riJuvMaaR m£ Aicluif dcBmbe in iddhko » 
ijeoHtiar npiittixc o: tat niiminTe ndis in ibe dimsiiuu of tlieir 
Jcsill^iL Til IB -xiaeBcsBoioi iniK stuffiec W Wmmmeam m the 
wmwdw «f tiK- irnc . nr Kjunm m those of ntF md mee. The 
UtUr titMenner uftBsriDeF' :. '■wwir*^ i nuum. in t^ nomhfr of 
awitA aac txif- n umii irr of fineJT-jinmilar pnttoplaBia. al the 
l^iifiU w'ijenr tiK- IMC-ve^ cnsr. TTeuBmoBB bsw iHat nadei 
amii|B«d Iju a rt^w. (rridnir ihp enntaetDe sohstmoe of die 
muxti^Jimr £ijre ixno rvT> i4;:nili& iamcls. £«&»* caaie bctosb tvo 
iiiii»<;uliir fibref in a cnfH tulir of aarrcilemina. AH dMw ire 
(k/fU wliM^i iSkr^ OS K.ae son (c idea. ilKUxgli not a diftiwrt pb- 
turc*! of tlu; lofigitaiiJEia] s; Erring of liip imwcnlar filve. Not a 
wurd i« drofffied bjr etiJaer obaerrer soggiemng any afier-prodne- 
iiiMi at emiiiyonic celb, desdixsd tor i3be addidre &nnadoo of 
iittW |irimiUv6 tiil>eH. In disease wxtaxers take a diffisivDt eonrse* 
'l*hu rD|wir of divided musdes hj nmscnlar tissne is indeed stiD 
vary doiihtf nl ; iM^yoiid all doabt, bowerer, is the regenentioD 
iit* tlio niiiiiinilur filing in myositis typhasa^ which we shall hare tx> 
iHUUiiil&r mora fully horoafter. Bnt in this latter case the pheno- 
UH)iia Htti mi (*uniplii^nt4Kl that we are unable to a£5rm with eer- 
UiulY Ihat tho iH^^^iiorntion is bronglit about exdusivelj bj the 
uiodUtimi of unihiyonio cellH. 

\Vt» iMiii ii]keak inoro coiifidentlj about such oigans as are 
iuuvU» wy i»f uuHtriptHl muDcle. During tlieir growth the eeDs 
iuiUVtUK» ill luiiuU^r hh well as in length and thickness. Single 
lika'tM with fikvkod oxtremities have often been met with in the 
wulU uf the pru^nant uterus.* Inasmuch, however, as no mul- 
|f|Jii»uliikU wt iiuoloi, no double nuclei, have ever been detected 
iu lhiM0 AbiH*'i« it remains very doubtful whether we are justified, 
n)M lh<» aUive datn, in assuming a fissiparous multiplication of 
\\^ AitUH^h muAOular fibres. Tlio doubtfulness of this hypothesis 
U i^uImiiuhhI bv u {MHiitive observation of Kolliher^s. He succeeded 
iu ImiUMg the origin and dexelopment of the muscular fibre 
lUi^kHgh 1^1 its Htttges in one and the same specimen. (Cf. KolUkery 
'« U^w^b^hitir^/* 4to Auflage, page 567.) The embryonic cells 
iviluinH) ara ftiriiislied by the intermediate apparatus of nutrition, 
and aro )4*obably leucocytes which have emigrated from the 

VtUM«^U 
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§ 81. As regards tlio nervous system, it has bocii goneraliy 
bdieved hitherto that the growtli of nerve-fibres was every wheic 
dependent on the pre-formation of eiubiyonic cells. That the 
repair of divided aerves took jilace by the intercalation of era- 
brj-onio tissue between the eut ends seemed finally agreed upon ; 
indeed, it lias not as yet been i^uperseded by any &esh doctrine. 
On the other hand, a tendency has shown ibi>lf of late to refer 
the penetration of tlic nerve-ends into the growing parts of thu 
body, and their consequent elongationj to an apical growtli 
(Spitzonwaclisthum) without any ap[josition of new elemente. 
As regards the brain, Be»ser skilfully defends the position, that 
all lie ganglion -cells of later growth exist pre-formed as so- 
ralled neoroglia-iiuclei, in the very earliest stages of Uie develop- 
ment of this organ. 

§ 82. One importaut question yet remains to be answered. 
How do the epithelial STEUCTuaES grow and renew their losses ? 
Unfortunately, no precise answer to this query can at tic present 
time be given. We are justi6ed, liowover, in provisionally 
adopting the fbllowinj^ conclusions. A clear line must in the 
first place be drawn between those epitlielia which grow out- 
teards and those which grow inwardi. Tlio former invest the 
ontire free surface of the organism, the skin and mucous mem- 
branes, forming an uninterrupted whole ; tlie latter occupy cer- 
tain cavities dug out of the parencliyma of the body, and are 
known as gland-cells or glandular epitholia. Both systems ori- 
ginate in tbe same layer of the blastoderm ; throughout life they 
maintain this structural continuity, in such wise that the glandu- 
lar epitlioUum may bo regarded aa a direct prolongation and in- 
flexion of the surfacc-epitlielium. Yet those who would com- 
prehend the alterations of tlic tisanes in disease must lay especial 
stress upon the fact that tlie antithesis in the direction of tlieir 
{rrowtii alluded to above, exists ftora tlie very first, and that 
upon it is based the essential difference between tlie two system;^. 
For the gland originates by the development of cellular protru- 
sions from that side of the epitheJial lamina uf the blastoderm 
which is turned towards the conjoint blood -vascular and connec- 
tirc-tiasne system : these protrusions divide and subdivide as tliey 
increase in lengUi, and finally become hollow to a certain depth 
from the fi-ee surface. Their gi-owlli is decidedly central, and 
tsdcea place by fission of the existing epithelial cells, wfaicU goes 
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iiu:i:. liu: : V uk imi.i.i.:-.: :'i.i.»..---a>:';;i:^- aii.l pifniiective-tisaio 
^^y stt'ir. . V li :»>t iij . ir: iij . Ji . »ri wi- ;mi li i : •: .:> : ^.: Cap. , membrane^. 4:?. ) 
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vii'ved br.»axv ls i^'E-jr^zi?-* Lue :;- a^i. — as j-iinsns c-f acvejop- 
Jiitxii. Tilt T.-ui-r^* ej'.-Sjri:!*, r':n~.arKa*:"j: f.c ihi-'iz smaa size, 
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Tut e;^iti**rliuiu '/ ti-t uriiiLry e:-.: J ':.•:: a :.v.'ri vC li-ss cLaracierisiic 
XjjJirAi ii. bf.-..v:- form. Thr;r7..rm is eor*n«?u\l jvirdy 

\\\\u \a.'iall';i.>i \i\ xiis'.r fiiiictl'.':! » '.-vliijanL-il c-i-itiielinm ) ; ii is 
\Ai\r: <iu': t// a '-oufii'.-T :y-twfr*rn tLe furoes "wiiieii li-nd to make 
ti*«. t'Mt\ '^rjw tjiiii'*jn:i]y hi a]] directions* and xhc limitations ot 
fcj/a/M; wiji':)j j/*;i7/iil jifc ;rrowili lo take place in cenain direoiions 
tjtily. A ijni'^tr4ii\. iilriaralion of ilie results of tiiis conflict is 
uihjtdtA hy a v<;/ii':al w:'r»joii tlirougli tlje epitlielial lining of the 
iiriuary liJadd«rr ^j;.^ .'JJy. We can clearly distinpiish three 
Iayri>y <:u/;li of vkliidi jd made up of cells of a particular sort, 
difl<friii;( cliara<,'i(;ri«ticalJy from the other two. In immediate 
crontact With the connective tissue is a single layer of small 
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round eloincnts; ncNt to this v/b find pyriforra cells of 
somewhat larger size, wliose roinided heads are directed out- 
wards, while their pointed ends dip down into the interstices 
Ijetween the round cells of the deepest layer. That these cells 
belonged originally to the deei>est layer, that they were raised 
into the second layer by tlie propulsive force of cells of later 
growth, while remaining attjidied to tlioir place of origin for a 
time by their inferior ends, tins is an assumption which Hows 
most uaturally, as I think, from their pyriform shape. The cells 
of tlie tliird layer present, at first sight, the strangest peculiarities 
of form. They are tiattoned, and provided on their under surface 
witli angular projections and shallow depressions which correspond 
to the heads of the cells of the second layer in much the same 
way as the yuya eerebralia and iiiipivisioties digitaia; of the tabula 
rilrea oorrespoud to the convolutions and sulci of the brain. 
These forms can only bo explained by supposing that a cell, be- 
longing to the second layer, is set fi'ec from its attachment to the 
connective tissue, that it protiiides towards tlie free surface, and 
that it is flattened and squeezed into the seams and irregularities 
of the second layer, by tlie centrifugal pressure of Uie urine 
which accumulates periodically in the bladder. 

Wo cannot account so satisfactorily for the morphological 
\'ariety cxliibited by tlie constituent cells of every epithelium. 
Authors are unanimous, however, on one point, sc. tliat the 
epithelial cells apiwar everywhere to originate immediately upon 
the connective tifsuc, to be subsequently extruded from their 
original seat by the inessurc of now elements. This unanimity 
however refers only to tlic place, and in nowise to the mode of 
origin of the cells. To explain tlie latter — omitting for the pre- 
sent to take generatio aijiiivoca into account at all* — two hypotheses 
lie open to us. We may cither suppose tlio now cpitliclial ceils 
to be produced bv fission of the older ones, or to be extruded 
from tlie underlying connective tissue. 

There seems to be no a priori reason why Uie cells should not 
originate in both ways. Ii must however be admitted that the 
epithelial colls have seldom been actually seen to di\'ide. The 

• J. Arnold ( Virchoiet Archiv, Bd. 46) has published some views on the 
ntion of epitliclial structures, wbiuh amount to a sort of generatio 
; thqr are worked out with an amount of geouiiiB care and researcb 
h lOkder them wortb; of the utmost attention. 
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TnfltTcrw MCtiMi through a dctsnl p>{nil» tuitaanoed \ij e^dcf^ 
MM. MignuoTj corpofcW maj be mcd both in the cvnncEtnie 
tiaiw aad batweco the epithelial cells. After i>fwiHAdl«'. . 

•^ IJifModtcla ntul ' I'affnt'lether ; in cases (tf alight and 
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floperficuU cubmoons inHninmation (eczema and ^-eairatioii) itiey 
drtectei] migrating cells in ail the vouiiger strata of epithelium, 
eelb prMi«lT similar to other amtsliotd eoq)nsielos visible in iht* 
papQluT body (fig. ;^). Oiio tact, and one onlv, is being 
ODotiniuIIy urged against this hypotliesis— of the fact itself 
there can be no doubt — it is tliis : new opithelimn, as e,ff, after 
partial denadatioo of any epilhelinl surfiioo, unginates by prefer- 
ence, perhaps even cxelosively in connexion and immediate eon- 
tigaity with pre-existing epitholinm. It n-uuld seem, tlierefbi-e, 
HBce fission of tlie older elements cannot be shown to occur, that 
w« are driven to assume that an embryonic cell can only deveIo|M 
into an epithelial cell when it is in eontact with one of the latt«r 
khid. We must perforce adopt the theory of a sort of "fpilMial 
a^eetion." This theory indeed wonld necessitate a t\vofo!d appli- 
cation ; for sujq>osing sneh infection to occur wlien enibrA'oiial 
edls, colourless blood -Corpuscles, Jcc, arc bi-ought in contact 
with a permanent epitlielinm, it must likewise occur when, con- 
versely, epithelial elements are brought in contact with a tissue 
composed of embryonic cells. The latter prucess indeed may 
actually be observed in tlio metastasis of cancer to Ivmphatlo 
gUnds. 

5 m. This brings us to the end of our general summary of 
noTHial growth. We liave aeon, that apart from the first founda- 
tioQ of the various organs (from which ivc learnt that any and 
every tissue might originate from embryonic tissue), their actual 
growth depends hut in small measure on fissiporoos multiplica- 
tion of theii" specific tissue-elements. Vi'c found this modo of ] 
increase in the gland-cells, in tlic fibres of striped muscle; 
to some extent also in cartilage ; and we bad grounds for 
smpecting that it also occurred in nerve-fibres. On epithe- 
lial snr&ces there: seemed to be need of an " epithelial infection." 
or at least of some sort of notion of the older cells upon the 
immigrants. Everywhere else, the intermediate apjiaratus of 
DDtn'tion, williitsfaculty of generating embryonic colls wherever 
required, sufficed of itself to maintain normal growtli. It may 
be that it fidfils this function as a corollary of those obligations 
whidi are incumbent ujwn it in its nutrient capacity, allowing 
a certain number of colourless corpuscles to accompany the usual 
supply of fluid pabulum into growing organs, these corpuscles 
g forthwith as materials for the constructive process. 
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§ 85. Entering on the domain of morbid growth, we meet 
first of all with a series of abnormal states, which may be de- 
fined simply as excesses of tlie normal growth of organs. These 
are either uniform enlargements, or partial protrusions or out- 
growtlis, identical in texture and composition with the organ 
from which they spring ; accordingly they only give rise to quanti- 
tative deviations from the normal standard of the aifected parte. 
We indicate this fact in our nomenclature by the prepositions vwip 
and CK, which common use allows us eitlier to prefix to the name 
of the proliferating organ iteelf (Jiyperostosisj ecchondrosis)^ or 
to the word trophia ; the latter term denoting in addition that the 
products in question are due to nutritive conditions of a pecu- 
liarly favourable kind (Jiyperirophia). It is best however, not 
to prejudge their mode of origin in this way ; it is enough to 
express the simple fact by the words " hyperplasia^ ht/perplastic^^ 
The hyperplastic states (conditions of overgro^vth) of the various 
organs will be described in the respective chapters of the special 
division of this ti'eatise. The position which they occupy in the 
domain of morbid growtli is broadly but sufficiently indicated by 
what has just been said. 

§ 86. All new formations which are not of a hyperplastic 
nature, involve a qualitative departure from the normal stan- 
dard of development and growth. Hence it seems difficult at 
first sight to class them under physiological types. Our way is 
blocked, however, by obstacles of artificial origin, rather than by 
any which are inherent in the facte themselves ; among the most 
important being the traditional habit of regarding the morbid 
deviation as something foreign (crcpov) to the organism, some- 
thing introduced into it from without, of ascribing to it a para- 
sitic life — even a kind of personality. This view, from which 
the term " heteroplasia " is derived, is justified in some measure 
by the two following considerations : — 1. Those now growths 
which are duo to the introduction of a definite poison into the 
body manifest themselves imder similar forms in the most 
diverse organs (e.g. syphilis, tuberculosis, enteric fever). 2. 
The circumstance that each organ is the seat of election of 
certain special kinds of morbid growth, which ^ilways occur 
under the same form with but trifling modifications, so much 
so that when they have reached a certain point in tibeir 
development, we are able to infer their character and fbtore 
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dealiny from their Bituntlon, It is wi-tmg, liowover, and pre- 
judicial to the advauce of real knowledge, when we allow tlio 
studj and description of tliosc features wliicli are common to now 
growths in different organs to blind us to the right of each indi- 
\-idual organ to have a morbid gi'owtli viewed as a disturbance of 
its men proper development — of its nutrition or of its degeneration. 
I must not be understood to question the utility, nay, the neces- 
sity of generalisations on the subject of morbid growth ; hut 
such generalisations ought raUior to tend tjjwards establishing 
the principles of development than towards the discovery of 
definite anatomical patterns on which any morbid growth — e.i^. 
cancer— is constructed, in whatever organ it may occur. If I 
understand the times aright, men are weary of mere anatomical 
chissifications based exclusively on outward characters. Tliey 
will agree with mc in thinking tliat the system has been brought 
into utter discnxlit by the inexhaustible variety of concrete forms, 
Hencefonvard therefore, while retaining the terms cancer, sar- 
coma, and so forth, and endeavouring to sketch in broad outlines 
the laws of their development and growth, without omitting to 
take their influence on the organism as a whole into account, 
wo will always fall bock upon the description of the individual 
forms in the Special Part of this work, and keep alive to tho fact 
that a knowledge of those concrete forms is at least as important 
for the practitioner as a correct appreciation of those general 
features which they possess in common. 

§ 87. Having done with tins digression, let us resume tho 
thread of our discourse, by seeking tho cause of every deviation 
from tlie rule of normal growth — tlio cause of heteroplasia — in 
an over-activity of one or other of tlie two factors which co- 
operate in the growth of organs. Tlic intermediate apparatus of 
nutn'tion has tlie first claim on our attention. Many pi-oducts of 
morbid growtli originate from tliia alone — e.g. interstitial inflam- 
mation, tumours made up of granulation -tissue, sarcomata. In 
a second series, the epithelium steps in to rival the conjoint blood- 
vascular and connective -tissue system, and wc have many oppor- 
tunities of testing the accuracy of our \-iews of cpitlielial growth 
in the caricatiu-es of It (Zerrbildern) presented by the larious 
forms of carcinoma. It cannot bo denied that this division of 
labour is prefigured in the physiological relation of the two 
to one another (as summarised in S 84). I cannot 
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beeome congested ; die aflSacted part groirs red and hot It 
tiegnift to swdl ; die swdling is to be ascribed parthr to die over- 
distension of die Teaads, parthr to die escape of varioos con- 
stitoenti of die blood into die iisBoes^ The ^ inflammatarr exoda- 
dation^ — the material which escapes finom die Tesads, and infil- 
trates die tissues — is the more enduring product of infiammaticmy 
and daims om: chief attention, owing to its important cramexion 
with the coarse and issues of die proceasL 

$ 89. The inflammatcHy exudation conasts, mpaii finom its 
flnid portion, of embfronic ceSsj whidi are characterised bj the 
lively amodwid movements thev exhibiL It was generaDj 
believed afewjears ago that these cdls were produced exchisivelj 
bjr prdiferation of the connective-tiaBue coipusdes at the seat ^ 
inflammation. The dazzling jnctmne, in which we tfaaug^ we 
conld distincdy a^ipreciate the course of ceD-multiplication| 
eidiibited in the immediate vidni^ of the inflammatory exuda- 
tion, instead of the stellate corpusdes of connective tissue, first 
one, then two, then a progressivdj increasing number of round 
cells, arrajed in ranks, which grew longer in proportion as they 
approached the focus of inflammation, and finallj minted with 



* I nhnUHalt as oontrasted with catarrhal and parench jmafcous in- 
flammatioD, the fonsier of which, so &r as it c o nce ni a us, is an inflam- 
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'inc anotlicr. But now wo know tliat a great majority of tlieso 
cells are colourless corpuselea wliicli have emigrated from tbo 
vessels. This is shown l>y au cKjMM-imont of Cohn}i£im's. Tho 
nieseaber}' of a living frog is stretolied over a ring of cork, and 
sutyected to direct ioBpoction. We can see how the veJus dilate ; 
how Uie colourless corpnscles first adhere to their inner surface, 
and then put forlh proccBses which penetrate their walls ; how 
that portion of a process which has already escaped swells up, 
and forms a kind of bridge, along which the whole substance of 
the cell gradually creeps. Once through, the cells travel fiirthci' 
by the aid of their smtBhoid contractility; if a special point of 
tho tissue b being irritated, that point becomes, in a geuei-al 
way, their goal. There they continue to accumulate ; the result 
of tlieir accumulation being a certain quantity of that very 
embryonic tissue which sen-es as the starting-point of all further 
dhanges 




An older obscnation, which was first duly appreciated by 
BiUroth, harmonises admirably with the above view of the deve- 
lopnwnt of plastic exudation or infiltration. It has been found 
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that the vessels of inflamed parts are surrounded by a layer of 
young round-cells ; and this holds good even of those vessels 
which extend far into tissues which have as yet undergone but 
trifling change. On the other hand, we can give a satisfactory 
explanation of the drawing, which represents " connective tissue 
undergoing proliferation," by assuming that it exhibits the 
colourless corpuscles "during migration," in which case they 
would naturally select the lines of least resistance, and therefore 
those interfibrillar channels which are normally occupied by 
the stationary corpuscles of the connective tissue. 

§ 90. The migration of the colourless corpuscles must nftt, how- 
ever, be regarded as the only source of the inflammatory products. 
On the contrary the question. Whence can the blood obtain such 
a multitude of colourless corpuscles ? leads to a series of consi- 
derations which tend to make us very chary of rejecting any 
possible sources from which these cells may be derived. On this 
ground we gladly welcome the beautiful researches of Strieker^ 
w^hich prove, at least with regard to the cornea, that a few hours 
after it has been irritated with lunar caustic, at a period ^hen 
the colourless corpuscles can be experimentally shown not to have 
penetrated as far as the seat of inflammation, the stationary 
corneal corpuscles exliibit a series of changes which can only be 
interpreted as steps in a progressive metamorphosis. They 
retract their processes ; their nuclei undergo multiplication ; 
their protoplasm increases in bulk; between the fifteenth and 
tlie twenty-second hours they assume the appearance of mobile, 
multinuclear masses of imposing size, which remind us vividly of 
the so-called " giant-cells " {see § 67). It is but a step to the 
assumption that these may give rise to amoeboid cells by a seg- 
mentation of their protoplasm. 

The same author has directly observed the fissiparous multi- 
plication of the emigrant-cells at the seat of inflammation. 
Concentrating his attention on the cells which appeared to be at 
rest just outside the vessels, he noticed on their surface certain 
lines of shadow, which came and went and shifted their position 
for a time, until at length a shadow deeper than the rest became 
stationary in the middle of the cell. At this point the little body 
became contracted ; the contraction itself was more than once 
oflkced ; when it finally passed into a complete divisiop, the two 
halves crept asunder in opposite directions. The denser the 
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accumulation of coll«, the ofiener Is tin's process of fission likely 
to be repeated, but the greater also will be tlie diiEculty of 
tracing it under the microscope. And this perhaps is the reason 
why it lias hitherto been often assumed to take place, but nerer 
distinctly demonstrated. 

Our knowledge witli regard to tlie som-ce of the embryonic 
cells in inflammation is obviously in a transition state. But if 
we reflect that tlte doctrines advanced in the preceding section 
constitute the groundwork of all the remaining histological 
effects due to the " intermediate apparatus of nutrition," we 
shall perceive the immense importance to our scientific super- 
otructure of every forward step in this depai'tment of inquiry. 

§ 91. Continuing for a moment our consideration of the 
inflammatory exudation as a fait accompli, we must notice the 
remarkable influence exercised on the connective-tissue fibres by 
the cells to which they afford a refuge. Billroth has made somo 
statements on this point which Ithink worthy of great attention. 
The fibres arc not merely pushed asunder, but they undergo a 
certain degree of softening and fusion, so that instead of the 
tough web of which the cutis, even in its most deHcate portions, 
is made up {e.g. in the prepuce), we find a delicate network 
which simulates the aspect of newly-developed intercellular sub- 
stance (fig. 37), for which Indeed it has often been mistaken. 




Passing to the further histological metamorphosis of the 
itic exudation, upon which, ai already stated, the ultimate 
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issue of the inflammatoiy process depends, we find three leading 
tendencies; the first towards Besolntion, the second towards 
Organisation, the third towards Snppnration. 

A. Resolution. 

§ 92. It is clear Hiat if our therapentic skill availed to remove 
the cells which have migrated into an inflamed organ, that organ 
would retm-n to the state in which it was before the inflammation 
set in. I put aside the alterations in the connective-tissue fibres 
described in the preceding section, alterations which might of 
course disappear with equal ease. The possibility of inflamma- 
tion issuing in resolution, and the means of bringing about this 
issae, are questions therefore of the highest practical interest 
The first measure which would suggest itself a priori, would be 
to help the cells to pursue the course they had already chosen, 
Le, to let them migrate farther. Warmth and moisture would 
therefore be advantageous firom this point of view. Elevation 
of temperature is known moreover to accelerate the movements 
of amoeboid cells. When the inflammatory exudation is mode- 
rate in amount, and the irritant cause has ceased to operate, wo 
may hope, by local elevation of temperature, to distribute the 
cells which have ah*eady migrated over a wider area, and to 
guide them gradually into the lymphatics. 

The resolution of an inflammatory infiltration may also take 
place by fatty degeneration of its cellular elements. We have 
already seen how fatiy degeneration converts cells of all kinds 
inte a milky emulsion, to the reabsorption of which there is 
naturally no obstacle. A condition which appears to favour the 
commencement of fatiy degeneration is the presence of fluid in 
abundance at the seat of inflammation. Busch has made the 
interesting observation that under the influence of cutaneous 
erysipelas some large sarcomatous growths underwent atrophy, 
and I had the opportunity of convincing myself in a similar case 
that the cells of the sarcoma succumbed to fatty degeneration. 
External warmth is well adi^ted for maintaining an enduring 
h3rper8emia of this sort Notwithstanding this twofold indica- 
tion, great caution is requisite in deciding on the exact moment 
at which to substitato warm for cold applications to od influned 
part The objeet of applying cold is to bring about on trtificial 
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coDtractiou of the vessels, and so to check the progress of the 
exodattoii, to binder the further migration of the colourless cor- 
puscles. It is not till we have followed out tliis indication to the 
utmost, that we ought to resort to tlie application of wamith. 
Warmth is a two-edged weapon. What guarantoo have we that 
instead of a dissolution of the exuded matters, wliich is of course 
our first object, there may not ooour a greater concentration of 
amccboid cells at the heated point, ie. suppuration and the 
formatioD of an abscess ? Within certain limits, warmth acts ae 
11 resolving agent ; beyond these, it stimulated tlie inflammatory 
process ; in the former case it promotes the farther migration of 
tli8 already exuded white blood-corpuscles, in the latter it helps 
to renew the migratory process, and adds to its intensity. 

Note. — A therapeutic turn has been fpven to this flection, to show 
ihe sttideiit how immediately the results of morbid bistolt^y may be 
brongfat to boor upon practico. 



B. Oyganisatioii. 

% 93. Granting that the inflammatory exudation does not 
tend to resolution, the first alternative is its retention as a perma- 
nent constituent of the organic framework of the body. This 
retention is operated by the timely development of blood- 
vessels, and the conversion of tlie embryonic tissue Into fibrillar 
connective tissue. The interstitial inflammations of internal 
^■iscera, which we shall hereafter meet with in the liver and 
kidneys, afford examples of tliis dii'ect organisation on the largest 
!>cale. None of these examples can liowever be i-egarded as 
epical for tlie histological details of the process, because of pecu- 
liarities of local origin. The honom* of serving as a type belongs 
eLxdusively to the process of repaii- in wounds, and primarily 
indeed to tliose whicli heal by first intention. 

To illostratc the universal distribution of connective tissue 
thnni^hout the body, I stated above, that no incision could be 
without implicating connective tissue, without the presence 
l-eoimective tissue on the cut surface. The tnitli of this pro- 
in may be inferred from the consideration, among otlica* 
proeenses, of the perfectly tj-pieal coiuw of those ])henomena 
which manifest themselves in the rcuoion of completely divided 
These phenomena fall bodiJy under, the head of inflam- 
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mation, and are exhibited in preci^ly the same manner by the 
conjoint vasctilar and connecdve-tissne system, whether the 
wonnded organ be the skin, or a muscle, or perchance the liver. 
There certainly exists a mode of remiion which takes place 
with sach extraordinary rapidity by the mere apposition of the 
cut snr&ces, that no exuded material is required to complete it 
The occurrence of this imfMdiat^ trnKTvi {Maeartiif^) is confirmed 
by Thierfch in Pitha and BiUrotKs Manual of Surgery. It 
must therefore take precedence of union by first intention. In 
the latt^" mode, a substance is usually present which glues the 
edges of the woimd together. It appears a very few hours after 
the injury, and proves, both at first sight and on more careful 
investigation, to be the ocmnective tissue of the cut surface, infil- 
trated with blood-corpusdes and serum, and swollen by imbibi- 
tion of the latter fiuid. The next stage of the process consists 
in the migration of coloculess corpuscles firom the dilated vessels 
in the immediate neighbourhood. They ]x>rmeate the whole of 
the cementing medium and the adjacent connective tissue, so 
that the divided parts are at length united by a continuous layer 
of embryonic tissue. The ne3ct step is the i^-establishment of 
the circulation, which has been violently interrupted. This takes 
place as a general nde by the method of " secondary vasca- 
larisation'' (^ ^I)? starting from those capillaries which are still 
pervious. Thiersch has recently furnished us with the details of 
the process. Should his interpretation of them be confirmed, 
they will materially extend our ideas respecting the development 
of new vessels in generaL Thiersch found the cut ends of the 
vessels, a few hours after the injur\', plugged by a corpuscular 
proUferation, and somewhat dilated, but seldom occupied by a 
blood-clot Injecting the vessels at this stage with a warm solution 
of gelatin, and hardening the preparation in alcohol, he found : 
1. Sticking to the surface of the club-shaped plug of gelatin, 
endothelial cells, some detached and isolated, others under- 
going proliferation. 2. A peculiar configuration of the surface 
of the plug. This exhibited a number of thorny, seemingly 
broken-ofF spicula, which perforated the wall of the vessel, and 
proved on closer examination to be the radicles of a very beau- 
tiftil system of intercellular canals, filled with gelatin. Thier9ch 
sees in this system of canals a provisional nutrient apparatus, a 
preliminary vascularisation, and proceeds on this view to explain 
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t which is certainly veiy enigmatical, viz. tliat even parts 
\ have been completely separated from the parent organism 
may reunite witli it, provided tliey are stitched on early enongti. 
For us, tlie interest of his discovorj- lies 6rst in ihe proof which 
it affords that the elements forming tlie walls of tliose vessels 
from which new eapillaiies are about to sprout have their cohesion 
relaxed in a deHnito way ; and secondly, in the fact that his views 
corroborate the histological significance of tlie blood-vessels as 
" intercellular,*' not " inti-acollnlar "' canals. 

The last act in the ])rocess of i-opair by lirst intention, is tho 
tnuisformation of tliat portion of cmbi^onic tissue which is not 
employed in the construction of vessels, into (ibrons connective 
tissue. The cells first grow spindle-shajted, just as they 
do in the normal course of development ; but, owing to their 
immense number, and tlie close way in which tliey arc 
[lacked, tins metamorphosis into epindle-cells gives rise to an 
entirely new variety of tissue — the spindle-cfti tissue. This tenn 
denotes a texture wholly made up of parallel rows of spindle- 
shaped cells, which are held together by the dovetailing of tlicir 
poiritcil ends. ' Tlio spindle-cell tissue forms as a rule cylin- 
drical or slightly Battened bundles, which, interlace hke the 
bundles of counective tissue. Tho only question is whether tho 
protoplasmic substance of tho spindle-cells undergoes direct 
transfi^rmation into gelatin-j-ielding fibres, or whether we ai'o 
to assume with Rollelt that tlie Hbres are coined out of tlio 
intercellular substance. My own obscnations lead me to con- 
clude that when cicatricial tissue is formed from spindle-cell 
lissQc, tho greater part of the body of the cell is immediately 
converted into tho substance of tlie fibre. After a certain time, 
although the nature of the tissue is still recognisable in fine 
sections, it becomes iinjKissible to isolate it^ component spindlc- 
celis by teasing with noodles ; it tends ratlier to break up into 
stjfT, fibrous fragments of irregulai- outline : and these, as is 
proved by their containc<l nuclei, aro made up of cells which 
liave become fused together. This phenomenon can only be 
explained on my view of the process. The fibrous bands of the 
cicatricial tissue are not merely the direct successors, in a 
ntl sense, but tho onl\f successors, of the fasciculi of tlic 
dle^cell tissue. As contrasted with the normal development 
ItBTDolar connective tissue, the entire process gives us the im- 
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pression of a reckless expenditure of capital, where a jndicions 
employment of the interest would have yielded far better results. 
I say emphatically, better results, for the cicatricial tissue is fiar 
from being a connective tissue of ideally high quality. On the 
contrary, its fibres are stiff, inelastic, and misshapen ; its eells 
are represented by shrunken staff-shaped nuclei, and its Tital 
capacity is proportionately reduced. Moreover, the cicatricial 
tissue exhibits an extreme proneness to contract in all its dimen- 
sions. This phenomenon, which is, on the whole, a very mis- 
chievous one, is termed induration, sclerosis, or contraction ; its 
occurrence is anticipated with such certainty, that upon it is 
founded the operation for entropion, by which an inverted eyelid 
is turned outwards. It need hardly be said, that this genenl 
diminution in bulk is a physical rather than a vital phenom^iOD; 
the removal of water has a great deal to do with it ; £»r the 
white, glistening tissue of a cicatrix is dry, compact, and faaiider 
to cut than any other variety of connective tissue. 

C. Suppuration. 

§ 94. Pus is a fluid tissue. Numberless cells, the so-called 
pus-corpuscles, are suspended in a colourless serum to which 
they impart a greyish-white or yellowish-grey tint ; the liquor 
puris holds albumen, mucin, pyin, and salts in solution. The 

Fig. 38. 
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Pas-corpuscles, a. rrom a healthily-granulating wonnd; h. 
From an abscess in the areolar tissue ; c. The same treated 
with dilute acetic add ; d. From a sinus in bone (necrosis) ; 
e. Migratory pns^corpascles. 

cells are small and spherical, partly impregnated, partly sprinkled 
with fine granules which, as a rule, conceal the nudeos from 
view. On the addition of acetic acid the granules disappear^ 
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and the nadear structures start into clear relief. There is 
usually more than one nucleus; often three or four. In tlie 
latter case, the nuclei are small, not always strictly circular, and 
exhibit a peculiar lustre which suggests the homogeneity of their 
structure (fig. 38). These cells were at one time considered to 
be of specific nature, and were hence termed pus-corpuscles. 
This was an error ; for we meet with similar cells in the blood, 
where a certain number of the colourless corpuscles are multi- 
nudear; and with regard to these, VircJiaw declares that they 
are incapaUe of taking any farther part in the development of 
the blood. More recently it has been shown that saturation of 
the blood with carbon dioxide causes all the uninuclear colour- 
less cells to become multinuclear and then to undergo disin 
tegration. The presence of several nuclei has not the same 
significance here, as that division of the nucleus which precedes 
the fissiparous multiplication of cells ; it seems rather to point 
to a breaking-up of the cell, preliminary to its total dissolution. 
Moreover, it is a mistake to suppose that pus contains only cells 
of this kind. Creamy pus indeed (pus bonum et laudabile)j such 
as is poured out on surfaces clothed with healthy granulations, 
contains a large majority of uninuclear cells, which I should not 
be able to distinguish from the migratory corpuscle, of connec- 
tive tissue. Sanious pus, on the other hand, such as is yielded 
by carious bone, contains, as a rule, cell-derivatives, oil-globules, 
albuminous molecules, &c., rather than pus-cells. In fact, 
we find a series of transitional forms between the uninuclear 
and the multinuclear elements of pus, just as in the case of 
white blood-corpuscles ; the latter, incapable of further develop- 
ment, undergoing disintegration by fatty and granular meta- 
morphosis. According then as the pus is fresh or stale, 
according as it has been rapidly or slowly produced, or has 
undergone a slower or more rapid decomposition, do we find in 
it uninuclear or multinuclear cells or even cell-^idbris. 

§ 95. When we hear it asserted that pus may be produced 
in various ways, when we find pus-formation in connective 
tissue, such as we have just now been considering, contrasted 
with pus-formation on mucous and serous surfaces, or in coagu- 
lated blood, &c, we must, in the present state of our know- 
ledge, accept such contrasts with a grain of salt The great 
bulk of pus is everywhere formed by the migration of colourless 
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corpuscles from the vessels. We must bear in mind however 
the following points of divergence : first, the path taken by 
the migrating cells tends in the one case towards a free 
surface, in the other, towards a point situated in the paren- 
chyma of the connective tissue ; secondly, that in the develop- 
ment of pus on mucous and serous membranes, the share 
taken in its production by the epithelium must not be left out 
of account. As regards the formation of pus in connective 
tissue, ue, the suppuration of an inflammatory exudation, with 
which alone we are now concerned, we must keep in mind the 
same reservations and restrictions which we were obliged to 
establish in connexion witli the process of plastic exudation 
itself. It is by no means proved that all pus-corpuscles are 
derived from the vessels ; for on the one hand a formative irrita- 
tion of the stationary corpuscles of connective tissue has been 
shown to take place, and their break-up into migratory cells 
rendered highly probable ; while on the other hand, multiplica- 
tion of the exuded cells by division has been directly observed. 
Finally, we may look on suppuration as in reality the most 
direct continuation of the earliest phenomena of inflammation. 
Its essential feature is a tendency towards over-production, 
towards exuberance of growth, whereby colossal numbers of 
yoimg cells are generated in a relatively brief period of time. 
The proximate cause of the suppuration of an inflammatory 
exudation, or, in ordinaiy phrase, of the passage of inflammation 
into suppuration, is often to be sought in the excessive a£9ux of 
pabulum to the inflamed part ; hence the antiphlogistic method 
of treatment endeavours in the first place to moderate or diminish 
this afllux. In other cases again, we find the cause in the 
quality of the irritant ; thus chemical agents, and particularly 
septic ferments, lead to suppurative inflammations. Conversely, 
we might anticipate that in individuals whose nutrient fluids 
had undergone septic infection (septicaemia), every inflammation 
would tend to assume a suppurative character. Finally, there 
is such a thing as individual predisposition, Le. there are 
persons in whom the most gentle irritants excite suppurative 
inflammations. But this is by the way. We must return to 
the consideration of the anatomical course of the suppurative 
process. 

S 96. The next phase is the formation of an abscets. The 



STJPPURATION. 



121 



ton 

\ wai 



which were originaily tlistributcd witli tolerable iiiii- 
ionnit}' through the inflamed pai-onchyma, forsake their seat of 
origin, and make tlieir way from aii aides towards a central 
poiut, which subsequently becomes the purulent deposit (abscessm, 
apoeUma). This migration is duo partly to the apontaneoiis 
motility of the cells, partly to a more or less vigorous transuda- 
tion from the vessels, which assists tlieir ti'ansit and determines 
its direction towards a common centre. After tliis convergent 
cmreut has been Howhig for a time, the centre in question 
exhibits a nodular induration. In its interior tlic vessels are 
compressed, the parencliyma grows pale, the nutrition of the 
part ceasea witli the aiTeat of the blood-supply ; softening and 
&tty degeneration act in ; in tlie transuded fluid the fibres of the 
mnective tissue melt away, and the cella are freed from their 
inuoxions. Fluctuation is now perceptible to the finger ; the 
lent deposit is formed, or, in surgical phrase, the abscess is 
ipe. 
Havingthustracodthedevelopmentofan abscess, it seemsbardly 
to define it as an interstitial cavity in the body containing 
were it not that punilent accumulations may arise in other 
lys as well ; these indeed are not termed abscesses, but they 
equivaleut to abscesses in a histological point of view ; I 
•nude to purulent effusions into cloaed caviUes, such as serous 
tacs, joints, mucous bursae, and sheaths of tendons. This 
oxtended application of the term cori-esponds to verj' wide limits 
variation in point of size and form, but it finds its jnstitica- 
1 in the identity of their subsequent course. 
S 97. By far tlio most fre^juent tenninatioii of an abscess is 
Hb rapture, the evacuation of the pus L-xtemally. Tlie same 
forces which bronglit the pus together continue to push it for- 
Trard in the direction of least resistance. The elastic reaction of 
parts which enclose the pus, and which it lias displaced, oporatoa 
in the same way ; and as the pus (thanks to the very extensive 
distribution of the connective tissue) is evorj^where in contact 
ith a tissue susceptible of being itself converted into pus, the 
imincnt frequency of this termination is quite intcUigible. 
le pUB then forces it^ way in the direction of least resistance ; 
tlu9 direction is in the last resort always outwards, tho final 
result being perforation of tho cutis, or of a mucous membrane. 
Hie matter once evacuated, the cavity of the abscess becomes a 
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free pus-secreting surface ; it falls under the category of ulcers, 
whi^ we shall presently have occasion to consider. 

§ 98. But the pus is not always discharged externally. Nay, 
it may be made capable of reabsorption, at any stage of its accu- 
mulation, by fatty degeneration of its corpuscles, and so be ab- 
sorbed. Moreover, some recent observations make it likely that 
this capacity for being reabsorbed belongs even to abscesses of 
old standing which have become cheesy, and whose size has con- 
tinued the same for long periods of time. The cheesy matter 
enters the blood-vessels and lymphatics in a minutely particulate 
£(n*m, and may then (as we shall see hereafter) give rise to 
miliary tuberculosisL 

D. Organiaation after Suppuration. 

§ 99. The sum of all that has already been said concerning 
the nature of pus shows clearly enough, I believe, that this pro- 
duct is scmething alien, something which has become foreign to 
iiMd organism, and against which it is not guarded by a protecting 
coat Off ^ithelium as it is against the outer world generally. 
From the moment, therefore, that the abscess is constituted as 
sueh, the organism tends to restore its own internal unify and 
comj^eteness (Insichgeschlossensein) which are disturbed by the 
presence of the abscess. To this end however the simpler means 
of orgaxiisation referred to above, ae. tlie production of vessels 
and c(»nective tissue are not of themselves adequate. A nemr 
skin and cuticle liave to be formed ; and this brings us to that 
most interesting variety of morphological evolution which is 
usually termed repair by second intention. The term is primarily 
applied to the healing of wotmds, when we have failed to restore 
the solution of continuity by precise apposition of the divided 
parts, whtti suppuration has compelled us to remove our sutures 
and strapping, or when the loss of substance is so great that the 
due approximation of the cut edges is impossible, and the paren- 
chyma is lefl luiprotected, exposed to the action of the atmo- 
sphere, &c. Here too, however, the denotation of the term 
transcends its definition. Exactly the same phenomena recur 
when the organism has to be shut off from an abscess, cm: any- 
thing analogous to an abscess (§ 96) ; when a portion of the 
body has beei) converted by necrosis, burning, or oomMuon into 
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foreign body, only to bo got riJ of by suppuration. To this 
group too belongs the process of repair in ulcere; in a word, 
repair by second intention is synonymous witb organisation af^r 
ftupporation. 

ji 100. ^V'e have to do wiUi a free surface yirfding pus. 
Prom eouiilless points of tliis surface young ocUb are forcing 
tfaeirway; these are accompanied by a fluid mainly transuded 
nn the blood, and very rich in dissolved albuminous matters. 

iner or later the frontior-liiiG of the secreting surface exhibits 
iges diametrically opposite to tho.w wbicb oecurred when 
the plastic exudation melted into pus. The cells close up their 
ranks. A layer of embryonic connective tissue is formed, 
which intorvenea botwcMi the |inronchyma of the organism on 
the one hand, and the pus on tlie other. Any pus-corptiscles 
which may be secreted after the completion of this membrane 
must make their way through the layer of embryonal connec- 
tjssue; tliis waxes thicker, and rises into small globular 

itoberancrs, the so-called "fleshy wnrls," or "granula- 
These granulations are the physical basis of all further 
evolntioD ; tlioy pnnlueo both skin and cuticle, but before all, 
new vessels. 

8 101. VaKiiUirimtiou, here as elsewbei-e, is tlie most [lowerful 
agent in organisation. The reason why the massing together of 
cells in large numbers is associated with increased frailty of the 
indiTidual elements, lies in the great difficulty with which an 
abundant collection of cells, e.;/. the pus-corpuacles which unite 
to form an abscess, can be supplied with nourishment, if indeed 
their nourishment ia possible at nit. Should the collection be a 
targe one, the elements nearest its [jeripherj- will continue to get 
what pabulum tliey require from the adjoining nutrient fluid, 
and to rid thonisoli"os of their excrementitioua products. The 
lartiier we advance inwards the greater do the obstacles in the 
way of this interchange become ; the excreta accumulate ; tlie 
pabnlum has no access to the parts. The only wa}' in which 
these disastrous restdts may be avoided is by vascnlarisation, t.^, 
the formation of canals, through which tlie products of the 
organs of sanguificniion may be carried into the midst of tlic 
territory requiring nourislimoni, and the cxcrementJtiouB matters 
irom the interior of tlie same territory may be removed. In 
tiiis way even aggregates of embn-onic tissno of considerable 
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size may persist for some length of time, and maintain their 
connexion with the organism. 

§ 102. As regards vascularisation, in the course of repair by 
second intention more particularly, the distribution of the em- 
bryonic tissue ujwn a level surface affords favourable opportu- 
nities for the access of pabulum. Nevertheless, an abundant 
development of new vessels sets in here at a very early period to 
promote tliis object. The histological details of the process are 
the same as in the secondary mode of vascularisation ; along 
certain lines running through the pareuchyma which is to bo 
vascularised a closer aggregation of the cells becomes apparent ; 
a cord or row of cells becomes visible, pointing out the form 
and direction of the future blood-path. But how is a cylinder 
of cells converted into a tube ? How is the new vessel ojicned 
up ? These questions can only be answered by a reference to the 
discoveries of Thiersch^ alluded to under the head of repair by 
the first intention. Since the pervious parent-vessels, on which 
both limbs of the newly-formed loops rest, are also shrouded in 
a dense mass of cells, the most enigmatical part of the entire 
process is witlidrawn from direct observation. We know that at 
a certain time the blood makes its appearance in tlie axis of the 
cellular oord, that the cells of which the latter consists are 
pushed asunder by the stream, and proceed forthwith to form 
the wall of tlie new vessel. I presume tliat tlie cells of which 
the wall of the parent-vessel is made up are everywhere 
loosened by the inflammatory irritation, thus ceasing to offer any 
special hindrance to the tunnelling of a channel for the blood. 
Some such hypothesis is indispensable for the due appreciation of 
the farther progress of vascularisation, during which tlie newly- 
formed vessels, wliich are still wholly made up of cells, give rise 
in their turn to new vascular loops. The development of capil- 
laries firom within keeps pace witli tlio formation of layer upon 
layer of new embryonic tissue upon the surface. The capillary 
loops, with their long parallel limbs, struggle vertically upwards 
into the granulations ; they reach nearly as far as the suppurat- 
ing surface, dieir points of curvature being somewhat dilated 

(fig. 39). 

§ 103. This brings us to the point at which the formative 

process is most luxuriant Supposing progress in this direction 

* ^ unrestrained, it may lead to another morbid deviation, se. 
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tt tlie formation of the so-calied " proud flesh " (coro Itixnriaiis), 
whereof more anon. As a rule Iiowevpr, a fartlicr cliaiige now 
occurs which is suited to check any excess of production on tlio 
aftected surface, and to pave the way for cicatrisation. The em- 
brj'onic connective tissue undergoes conversion into cicatricial 
tissue. The change begins in the deepest layers of the granula- 
tions, and exhibits tlie same phases and transitions with which wo 
LVere made acquainted in repair by the first iutentioii. Tlic Brst 
top is the formation of spindlc-coU tissue. 

The plane in which tlio spindle-cells are stratified determines 

the direction in which the earliest fibrilla; become visible. Next, 

the formation of cicatricial tissue and its contraction succeed 

each other, aa described in § 93. Tlie phenomenon is tlie same ; 

but tlie results are more complicated than in repair by tlie first 

intention. For sis it begins (as already said) in the deepest layers 

of the ]>yogenic membrane, the base on which the granulations 

are situated is the first part to undergo contraction. The raw 

surface shrinks ; and it is the vessels whicli are primarily affected 

by this shrinking, inasmuch as they j^netrato vertically tlu-ougb 

|be cicatrising base. They are compressed, their calibre is 

minished; nay, they undergo complete obliteration here and 

In proportion as tliis takes place the granulations lose in 

olume, they contain le^s juice, and the pus-formation grows 

jebler and more slow. Thus, by a really astonishing consilience 

f the various formative forces, the way is paved for the last 

and this consists in the secretion of an epitlielial covering, 

B skinning over of the granulating surface. 

S 104. True that the euticular iiivcatmeiit usually spreads 
rom tlie edges of the granulating surface towards its centre. To 
kis role however there are exceptions ; small patches of cuticle 
IBVO often been noticed at some distance from the edge, patches 
which gradually increased in size and finally blended with the 
marginal skin. Even were there any difficulty in determining 
this fact with the unaided eye, all doubts would be removed by 
refiilly examining a vertical section through tlie edge of a 
Mnnlating surface in process of repair (fig. 39) ; this sliows 
^olusively that tlie raw surface gets its cuticle not by an inde- 
mdcnt ingrowth of the epitlielium from the edges over the 
nnulsting surface, but by the conversion of the outermost layer 
f tho granulation-tissue into epithelium. At e (fig. 39) tho 
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separation of the opithclium from tJie connectiTe tissue is com- 
plete, at/ the bouiidary-line is blurred, but even att^ve are stiil 
able, by the closer arrangemont of the outermost cells to reoog- 
nise the future epitlieliuin, although no difteentiation of the 

Fic. 30. 




Yertical soction through the edge of & gmnolatuig snrTace in 
process of repair n Secretion of pUB 6 Grannlation tis- 
ane (embryonic tisane) with capillary loops whose walls 
consist of a Ujer of cells longitudinally disposed ; their 
thick&eesdacreasesas we approach the anr&ce; c Cicaloi- 
sation beginning at the base (apindlc-cell tissue) ; d. Cica- 
tricial tissue; r. Fully-rormed cnticle — its middle laj^ 
consisting of grooved cells ; /. Young epithelial cells; g. 
2one of diiTorentiation. j^. 

clemeatB, as regards their size, the character of their noclei, Ac., 
has yet set in. We come next to the suppnratiiig Bar&M ; it 
would lean as though the fint finmdaticHiB td the ephheliom 
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laid by piis-oorpiiselea which Iiad not been set free. If we 
look for something analogous to this mode of epitheUal develop- 
ment, wo can only compare it to tlie primonlial separation of the 
Iilastodermic tissno into epitliolial and non-opithehal strata, and 
so regard it as a true embryonic Jitferontiation. The adjoining 
normal epithelicm obvioudy cannot be deemed inert in the 
matter ; it must bo considered to exert some sort of " epithelial 
infection " (§ 83). Indeed some such hypothesis is necessary to 
explain the greater frequency (according to Heine and Billroth the 
invariable occurrence) of cuticular cicatrisation from the margins. 
The newly-formed epithelium always remains thin and dry. It 
has never been hitherto observed to devclopo regular glands or 
hairs ; on the otlier Iiand, I am able to state from personal know- 
that in some cases of epithelioma in scars, the peg-shaped 
itrndDns of epithelium cliaracteristic of tills form of tumour 
from the thin cuticle of tlie cicatrix. 

§ 105. Tliese are the outlines of foi-mative inflammation, 
when this runs its entire course in the intermediate apparatus of 
nutrition, and is combated by its means alone. Various modifi- 
cations of great interest and importance are determined by the 
jieouliar structure of the individual organs, and must therefore 
be reserved for consideration in the Special Pai't of this work. 
In this place I will only allude once more to tiiat singular devia- 
tion from the normal course of repair by second intention which 
consists in the growth of the so-called " proud flesh." 

The caro luxuriann may be defined as an overgrowth of the 
gnmilations. Instead of little warty prominences, which ought 
not to exceed a line in height or in breadth, we have fungous 
cropping up, characterised by being three or four times 
largor than ordinary granulations, partially dendritic in form, 
highly \'ascu]ar, and possessing a certain power of resisting 
external influences. These fungous granulations are distin- 
guished liistologically by a peculiarly high degree of differcntia- 
tioQ of the embryonic tissue. In the first place, we have a more 
di^MTBte stroma throughout, a stroma resembling that of the 
lymphatic follicles. It is formed partly by the interstitial 
cement of the connective tissnc, which Blls up the lacunar net- 
work between the spheroidal colls; this stiffens into fine cylin- 
drical threads ; partly by a certain number of the cells thom- 
These assume a stellate form, and constitute the nodal 
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points of the stroma at tolerably uniform intervals. Tliis stroma 
can only be demonstrated by carefully pencilling out a fine 
section of granulation-tissue Iiardened in alcohol. 

This arrangement constitutas of itself a Btnicture of a higher 
order, comparable in some degree to the connective-tissue stroma 
of the intestinal mucous membrane ; and the analogy is carried 
farther by the occurrence of certain spheroidal bodies which I 
most pronounce to bo newly-developed lympliatic follicles (fig. 
40). Tliese Ue in the midst of the parenchyma, equidistant on 
every side from the greater vessels. We can readily eon\-ince 
ourselves, by examining very fine sections which have been 




Lymphatic follicle from a fungous graniilBtio 
For explanation see text. -; 

pencilled out, that tliese round nodules consist mainly of a very 
delicate reticulum in which minute lymph-corpusclea are em- 
bedded. The l^-mph-corpuscles are more firmly attached to the 
reticulum towards the periphery of the nodules than in their 
centre ; so that we usually have a border-zone, which it is difficult 
to clear up. Beyond this we find a zone, traversed by stellate 
corpuscles of considerable size ; so that if we could only prove 
that these structures were in communication with the Ijrmphatic 
vessels, the evidence in favour of their being true lymphatic 
follicles would be complete. I may remind the reader tliat tins 
communication still remains to be proved in the case of the 
tonsillar follicles as well. 

§ 106. Nerve-fibres are not an integral constitoflnt of 
granulations: yet Boigetma are fiuniliar with ao-called **initaUe 
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ranulations," aiid I Iiave siieceetied in discoloring an abundant 
ib]ip1v- of nervc-fibrcs in an exquisite fxamiilc of these sent to mo 
''} Professor Billroth. 



\ 2. NON-ISFLAMIIATOIIY OvEIlGROnTH Of THE CONNECTIVE 

Tissue. 

§ 107. I have already (§ 85) relegatctl the hj-j^qjlastic 
couditions of individual organs to the corresponding chapters of 
the Special Part of this work, inasmuch as fi-om a histological 
point of view they do not fnrnisL materials for any generalisa- 
tion save only that they are quantitative excesses of norma! 
growth. Now tlie interstitial connective tissue forms an excep- 
tion to this rule, because it is only a constituent of tlie various 
organs, and not itself an organ, and because its increase by way 
of overgrowth must therefore necessarily entail a qualitative 
change in structure. Strictly 3|>eakiiig, a large projKirtion of 
the processes included in the domain of interstitial inflammation 
may also be viewed as consisting in an overgrowth (hyperplasia) 
of the interstitial connective tissue. This applies especially to 
inflammatoiy infiltration and the conversion of tlio infiltrated 
products into connective tissue. In point of fact the non- 
inflammatory differs from the inflammatory form of overgrowth 
only by its slower rate of progress, if we set aside for a moment 
1 thought of its causation. A hy|>ersBmic dilatation of the 
s constitutes in every case the starting-point of the morbid 
This is a.ssociated with an emigration of eoIonrloi-M 
J-corpuscles, which gives rise to an increase in bulk, a 
bickening of the connective tissue. Esjtecially noteworthy 
. the extent to which the sheaths of the vessels arc in- 
rated; they often attain from tlu'co to five times their 
Dnal thickness. The transformation of the infiltrated celLs 
) fibrillar connective tissue is a work of time, and soems in 
my cases (kidneys, pia mator) not to occm- at all. Mcan- 
|ii1e the close analogy between this process and inflammation 
\. self-evident, so that wo cannot quan-el with authors ami 
ncUtiouers for continuing to call it "clironic inflammation." 
"lerever a definite source of irritation, e.g. a persistent or 
1 renewed^ though feeble meclianical irritant is the cause of 

9 
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the distarbanoe, I too am ready to call it " chronic inflamma- 
tion"; but where this is not the case, where, e.^. the phenomena 
in question are due to passive congestion, it would be utterly 
wrong to go on speaking of an inflammation instead of a simple 
hypertrophy or overgrowth. 



3. Specific Inflammations. 

{Granulomata and LympltomataJ) 

§ 108. As the present chapter will introduce us for the first 
time to the hackneyed word " tumour," it is needful that we 
should give some brief account of its denotation and signifi- 
cance. As practitioners we incline to call any new growth a 
" tumour " in proportion as it lacks the known characters of the 
inflammatory process. Thus : — 1. The less evidence there is of 
its having been caused by an inflammatory irritant, the more 
does the new growth exhibit a character of "spontaneity." 
Here of course, as everyin'here else in nature, no such thing as 
real "spontaneity" is possible. But we are still so far from 
having any clear insight into the etiology of tumours, that it is 
really a matter of choice whether we follow tliose who regard 
the tumour as tlie localisation of an antecedent dyscrasia 
(" Greschwulstkranklieit "), or those who consider the local mis- 
chief to be in every case the starting-point of the general 
disease. Billroth^ in his Manual of Greneral Surgical Pathology, 
has taken the former view; while Virchow* in his bciok on 
Tumours, adopts tlie latter. With amazing care, Vircliow 

♦ Vircliow (Krankh. Ge8ch¥rul8te, voL i. p. 121) divides tumours 
resulting from proliferation of tissue (as opposed to cysts, &cJ), into : 

1. Histiold; made up of some one tissue normally present in the 
body (Sarcoma). 

2. Organoid ; made up of several tissues characteristically arranged 
to form an organoid structure ; e.g, connective tissue and epithelium in 
the glandular canoers. 

3. Teratoid; made up of several organoid elements, corresponding, 
however imperfectly, to an entire system in the healthy organism 
(Dermoid of ovary). 

4. Compound or mixed; made up of various dissimilar parts or 
tissues, mit conforming to any plan of normal s tmcture (Pyatosar- 
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ile-avours to prove tlie esistenoe of at least a local predispoai- 
m ill each single case ; and altJiough he has not succeeded in 
•iving the argumciita of humoral pathology wholly out of the 
ho compels us to admit that some tumours at least 
originato in a local irritation. As examples we may take 
vpithehoma of tlic lower lip, due to tlie jiersisteiit irritatiou of 
a tobacco-pipe held between the teeth ; so also ii number of 
caused by pressure; eiichoudromafa of tlie bones 
ing from the seat of fractures, &c Again— 
Tlic less decidedly tlie remaining cardinal signs of inflam- 
mation, such as pain, redness, rise of temperature, are associated 
with tho growth, the more nearly does it approach tlio nature of 
« tumour. Tlie practitioner's attention is roused and lie is led 
once to susjwct some inflammatory complication, when a 
causes pain, or when an active hj-pei-ajmia with rise of 
|)orature accompanies its development. 

The less a new formation contains witlim itself the coiidi- 

tians requisite for perfect recovery, the less does it participate in 

the nature of inflammation. Spontaneous cure is a very distinc- 

ive peculiarity' of inflammatory processes. Our conception of a 

lOur implies that it sliould continue to grow If left to itself; 

shoidd its size remain statlonan', tliat It should at all 

fUts exhibit a certain degree of pemianenee. This projiosition 

ly be formulated in conjmictiou with (l)in some sucii t«rms as 

inflammations do not originate spontaneously, though tJiey 

get well of tliemselves ; tumours arise spontaneoualj-, but are not 

susceptible of siwiitaucous cure, I am well awaj-e that such a 

Ibrmula as this is very far from being axiomatic. Pedunculated 

lonrs are often spontaneously detached ; nay even the spon- 

leoufi expulsion of entli'e nodules of cauoer has been known to 

If wo inquire into the natural givsunds of tliis distinction, 
tnoet instinctively applied by tlie practitioner, wc And them 
I the cirtjumstaneos of histological development Inflamma- 
r products arc genorat*3d at the seat of irritation mainly by 
i accumulation of tho raohilo cells of tho conjoint \ascular 
connective-tissue sj-stem ; this accomits for the rapidity 
ill which they appear, and for hardly a trace of tlieir pi-esence 
J left when they disappear ; the development of tumours is 
! Bearly in accordance with the laws of normal growth; 
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hence their permanence and quasi-organic character. Bearing 
in mind that an increased afflux of blood plays a chief part in 
the phenomena of inflammation, we might designate inflamma- 
tions as disturbances of nutrition, tumours as disturbances of 
growth. Nevertheless, the opposition is one not of contra- 
dictories, but of contraries onlj', which are connected by several 
series of intermediate members. One series conducts from in- 
flammation through the intermediate phases of inflammatorj- 
overgrowth and simple overgrowth to those more complex forms 
of overgrowth which we call cancers. Another leads fix)m 
simple inflammation through specific inflammation to those more 
perfect imitations of normal tissue, which we call sarcomata, 
enchondromata, myxomata, &c.,and whidi, taken together, form 
the histioid group. The former series is chiefl}" exemplified in 
ihe disorders of the skin, mucous membranes, and glands ; the 
latter will be dealt with at once. 

§ 109. The specific inflabimations differ from ordinary 
inflammation in that they furnish either instead of, or together 
with the plastic exudation, certain products which exhibit special 
anatomical peculiarities. These are typical for each individual 
form, and may be referred broadly to the special quality of the 
inflammatory iiTitant. This irritant is in cverj' case a specijrc 
virusj which may be introduced into the organism either by 
hereditar}^ transmission or by contagion, or primarily developed 
in the organism itself. 

§ 110. Syphilis. Constitutional syphilis maintains a ten- 
dency in the body to every morbid change that comes under 
the head of active hypenemia, inflammation, and inflammatorj- 
growth. In the earliest stages of the disease it is the more 
Superficial organs, the skin and mucous membranes, which are 
chiefly affected; in the later stages the deeper parts become 
involved as well ; we shall come across examples of syphilitic 
inflammation when we come to treat of the morbid anatomy of 
the osseous and nervous systems, of the liver, and the testicle. 
Tliese inflammations are all distinguished by certain peculiarities 
in their localisation, tlieir distribution, and their course. One 
product however merits our especial notice; it seldom occurs 
alone, but is usually associated with the simpler forms. I refer 
to the syphilitic gumma (syphiloma, Waffner). The gumma 
mvy be termed a specific product of syphilis ; its specific ana- 



mieal ohiu-aoter resitiiiig not in any marked deviation of the 
mmatous tissno I'rmn tlie familiar types of ijiflaramatory 



Sfpbilitic disease of the liver, a. Left lobe; b. Kight lobe; 
ec. Fibroid shooth whicG twiveraea tbe orgon from the V. 
portis to the ligamcntutn 3us]Mii3orium and contains 
gummBta. J. 

powtli, but ratlicr iii the circuiuscriptioti of a nioro or loss 
roitUl notlulo in tho midst of a larger deiwsit of newly- 
1 embryonic tissue, a nodule ivbicli differs from tbe em- 
! tissues round it in the farther course of its metamor- 
For while tiie latter imderpo conversion into fibroid 
I, forming a cicatrix characterised by a tendency to extreme 
a (§ 93), tlie former, retaining the circular form of its 
oclls, nnd occasionally jiroducing im anastomotic network of 
corpnselps, undergoes a nmcoid transformation of its intorcclhi- 
r substance. Tho main stress however must not be laid on 
) production of mucous tissue, inasmuch as this is eleiu'ly ii 
I pliaso in ;i slow degenerative change. The cells grow 
ity; their place is taken by round or stellate aggr^itions of 
t-granul&s, wblcb ap]>ear to be t.iapabl(3 of lasting as such for 
[ periods of time. Tbe final result ia a yollowish-white 
uided nodule of a suiV and elastic consistency, embedded in a 
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depoat of newly-formed connective tiasae ; this is the specific 
tonoor of syphilis, the " topbos " or " gummft sj-philiticam." 
The complete absorption of recent gummata may be effected by 
suitable metlication. At n later period, the nodule becomes 
cheesy and the surrounding connective tissue is converted . into 
a tough, fibroid cicatrix, whicb may occaaioii tl>ft moat extreme 
distorUons of the aftccted orgm by its snlweqiMat contnwtion 
(fig- 41). 

Wbediw we are justified in caDing the indoration of the 
primary chancre gmnmatoua I will not take upon me to aay. 
Th» appeanams presented (fig. 42) are those of an infiltration 
•C the eanoectiTe tianM vvith small eeUs^ an infiltradon distin- 
cnished Bot so much by the number of ths infiltrated cells as 
wf the fact that these cells are vor}' uniformly packed into all 
Urn interstices between tiie vesnb on the <Hie hand, and the fibres 
of fb« connectire tissao (m the other. This canses an elastic 
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STphilitic indnrstioD. a. Yesgela ; M. and the other parts left 
uBBhaded are brmdleB of coimective tiaane which are dis- 
sociated l^aaniform infiltration with smaU ceUs. f^. 

teifflon, giiving tlic finger a sense of hardness, while the Te»el» 
remain perrioos and the nntrition of the parts is not interi^^d 
with. This inmiaUe arrest of the cellnlar infiltration at a 
certain Btnge has nndonbtedly something peculiar about it, and 
of gnmnutoiiB tiasae ; but wheflior similir indnm- 
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rtions may not also occur apart fi-om syphilis cannot be decided 
runtil we know more about tlie minute structure of inflammatory 
■fodnnitiona in general tlian we do now. 

—Bimiadeeki refera the indaration to a certain stiffiieaa and 
drfDDSs of the fibrous elements of tha counectivQ tbsue ; earlier authors 
sought it in the quality of the oiudution (BfcociTi plaatic lymph. 
Mleliaciu' exudation Sakes—Exiidateclmllsti). 

§ 111, TIio syphilitic deposit may also be taken as a type of 
lesions caused by leprosy and glanders. In these disorders 
UpeciHc tumours are also formed, side by side with simple inflam- 

itorj- products ; the specific tumours continue for long periods 
jn the lowest stage of tissue-development, without undergoing 
any change; they finally suppurate and burst, or else tliey 
imdei-go fatty degoueratiou and are absorbed. (For details, siv 
cli^ter on the Morbid Anatomy of the Skin.) 

S 112, Typhus. The typhous process is found to differ from 
simple acute inflammation by tlie higher degree of development 
to which tlie individual cells of tlic infiltration attain — a degree 
vhidi brings them nearer to tlie "epithelial" type. The 
■erne of the typhous changes (with the details of which we shall 
become acquainted when we investigate tlie morbid anatomy of 
the mucous membranes) is known as medullar;/ inJiU ration.* If 
the infiltrated matters are e.'uimbied, tliey are found to contain 
cells differing from simple Iyinph-cori>u3cIe3 Jn containing a 
greater proportionate amount of protoplasm. Tlie protoplasm 
of the lymph -corpuscle is barely equal to its nucleus in bulk ; 
while in the cells wo are now considcrijig, it occupies at least as 
much, on on average rather more space than the imcleos. Tlie 
ti/plious cell represents the lowest stage njt it wero, the first rudi- 

it of epithelial development ; it would seem however that this 
lentation of the protoplasm lacks the vigom- and permanence 

true epitlieliul development, inasmuch ns the typhous cells 

intain themselves at this acme but for a short time, and then 
stiocumb rapidly to degenerative changes. 



These obaerriUriona refer clearly to enteric fever {Ileotijphus. typhut 
.bthminalia). I huve purpoeely retained the author's own term, not 
wiabinE to define strictly what he has, perhtips not un intentionally, left 
•a neat. (Cr. § 3rs).-Ti. 
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Note. — From a strictly histological point of view the leukhaBmic 
tumonris very nearly allied to the typhous product; the former however 
cannot be classed among the products of morbid growth without farther 
evidence. (See Chapter I. of Special Part.) 



§ 113. Tubercle. A third type of specific inflammation is 
exemplified by tubercle. I have already pointed out, when 
speaking of fatty metamorphosis, tliat the morbid anatomy of 
the present day does not recognise as tubercle and tuberculi- 
sation, what these terms were generally understood to denote 
little more than ten years ago ; viz. every yellowish-white, 
friable or greasy, m a word, caseous mass, wherever met witli. 
We restrict the term tubercle Kar *€$oxrjv to a definite nodule, 
very liard, grey and translucent when first formed, seldom ex- 
ceeding a millet-seed in size, but aggregated together in great, 
nay countless numbers. The confiision, both of names and 
ideas, excited by the rigid distinction first pointed out by Reifi" 
hardy but carried through by Vircliowj is not diminished by the 
circumstance that cheesy inflammation and miliary tuberculosis 
are very often actually associated with one another. Discoveries 
of extreme interest have very lately been made on tliis subject 
A series of investigations, started by Villeinainy carried on by 
Klehs and others, and in some sense concluded by Cohnheim^ 
have shown that the introduction of " cheesy debris " into the 
nutrient juices is followed by " miliary tuberculosis." It matters 
not whether tlio cheesy matter be introduced by inoculation, or 
originate in the organism itself. On this view, tlie minutest 
particles of cheesy dibris must be regarded as endowed with 
the properties of a virus, capable of causing the growth of 
tubercle by irritating certain (we shall presently see what) 
elements of tissue. So much is certain, tliat tuberculosis is 
the expression of a dyscrasia, of a morbid state of the liquids 
of the organism, which often spreads tlirough the body from 
a single jwint, but which may perhaps in some cases be con- 
genital. 

There is hardly an organ in the body in which tubercle is 

.ot occasionally met with ; but its seats of election are the lungs 

and intestines. The extensive lesions of an ulcerative character, 

caused by the growth and especially by the degeneration of the 

tubercles, will be fully described in the Special Part of this 
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ffk, 1 must coiiBiio myself at present to what is really the 
«me in all cases, «:. the minute Btructure of the grey miliary 
nodole, and what wo know about its genesis. 

§ 114. If we teaze out a miliary tubercle witli cataract- 
illes, we readily succceil in isohiting the following elements: 

Fig. W. 
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I Elements shoirn by teazing out a miliary tubercle. 1. The 
larRe tiibcrcle-cella ; '2. The sm nil tubercle- cells ; 3, Endo- 
genous cell-developtnent ; 1. Delicate reticulum from the 
interior of a miliary tubercle ; the cella partly rsmoved by 
pencilling; 5. ShrcdH torn from the adTcntitiu of u small 
corebral Tessel in the neighbourhood of a miliary tubercle. 
Fission of the nuclei on the inner surface of the twiventitia ; 
finely-granulnr protoplasm accumulated in a continuous 
layerof considerable thickness; 6. Development of tubercle- 
celU; 7. The border of a minute Tesscl, showing the deve- 
lopment of tnbercIc-cellB in its adventitia. 

1. (Fig, 43) — Largo colls, eitlier round, or more oflen 

(unJly -polygonal, consisting mainly of a finely-gi-anular, highly 

"racting, seemingly very dense material. The sharp outline, 

K«. the smootli surface by wLidi the coll is bounded, leads us to 

me the existence of a ccll-incmbranc, altliougli this cannot 

9 demonstrated by the appropriate methods (addition of water, 

ihing, detection of a double contour, &c,), Most of them 
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contain a angle round nudens, not of great relative size, yen' 
lostroas, usually eccentric in position, though sddom causing 
any lateral protuberance on the sur&ce of the cell. In some of 
the ceHs, we find two, three, or more such nuclei, which undoubt- 
ccUy <»jginate by fission of the original solitary nucleus ; for we 
also meet with the intermediate stages of the process in the 
form of elongated, biscuit- (hourglass-) shaped, and even more 
deeply constricted nuclei. This fission of tine nucleus is to be 
regarded as preparatory to an endogenous production of small 
cells, utterly unlike those just described ; tlie latter process indeed 
is not always carried through ; so that even in the oldest tuber- 
cles, wo may occasionally meet with multinuclear giant-cells 
(^Laiifflians). 

2. (Fig. 43) — Represents the second form of corpuscular 
elements, such as may be isolated in greatest number by teazin^ 
out a miliary tubercle. They have nothing in common with 
those just described save their lustrous, dark-bordered nuclei. In 
all other points they difier from them, and chiefly in their size, 
which is far smaller, and which enables them during their endo- 
genous development to exist tlu'ee and more together in one of 
the parent-cells ; they difier moreover, by the transparent, homo- 
geneous, and feebly-refracting character of their protoplasm ; 
the exact opposite of these properties being especially character- 
istic of the larger cells. It is the last-named of these dis- 
tinctions which enables us to recognise the yoimg cell in the 
interior of its parent The appearance of bright areolae round 
the nuclei of the latter coincides with the beginnings of endo- 
genous production ; we may regard the latter as complete when 
the bright area is marked off by a sharp line from the sur- 
rounding finely-granular and highly-refractive substance of 
the parent-cell. This phenomenon is illustrated in fig. 43, 
3, representing appearances which are very commonly ob- 
sened. 

These cells compose the main bulk of the miliary tubercle. 
What romains after their removal by pencilling and repeated 
wairiiing, is the finely fibrous network represented ia fig 43, 4, 
to which we shall have to refer hereafter. 

§ 115. L«t us now pass on to decide tiie second question, 
tiifli conoeming the mode of origin and dtevelopinent of the 
mfliary tubercles. We may expect a priori to find that diis 
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!tiid product, like so many others, originates in tlie conjoint 
vaseiilar luiil connective-tissue system, Kumerons observations 
liave shown, Jiowever, Uiat no conneetive tissue in tJie organism 
is so vrell adapted for the growtli of tubercles, as tliat which 
constitutes the adventitia of the capillary arteries and arterioles 
(Uober^angsgefUsse). If f.'j. we examine a tuberculous pia 
mater, wc may readily convince ourselves that the grey nodules 
foUow by preference the finer vamifications of the arteries. On 
tlie largPT trunks they adhere, eitlier singly or in littdo groups, 
forming one- sideil protuberances; on the liner branches, and 
tJiose vessels which just exceed tlie capillaries in calibre, tliey 
present themselves as spindle-shaped varicosities involving the 
whole circumfbrenoe of the vessel (fig. 44). The larger ones 
exliibit a whitish opacity, beginning at their centre and extending 
towards the periphery. This opacity is the visible sign of a fatty- 
graiiolar metamorphosis, of a cheesy transformation, which eon- 
atitutes the normal mode of degeneration to which Uie grey 
granulation is liable. We assume that it begins in tlio oldest, 
the first-formed and most central cells ; so that tlie ehronologieal 
order of the changes which tlie miliary tubercle undergoes, 
msnifests itself by the formation of concentric zones, the outer- 
moBt of which consist of the tulterclo-celk themselves, while 
the inner ones are made iip of the products of their cheesy 
tnetaniorphosis. Granting tlie truth of this assimiption, it follows 
V cmttrano that we must look for the development of the tuber- 
f elements at tlie jioriphen- of the nwlnle;*. , 
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In the adventitin of the minuter cerebral vessels, a number 

of very pale, fiat, circular nuclei, furnished witli nucleoli, aro 

ised at regular inter\'als. Tlieee may be demonstrated as 
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readily in detached shreds of the membrane, as in those vessels 
which are still intact In the latter case, they appear as stafi'- 
shaped structures, embedded between tlie external contour of die 
vessel and its muscular layer. These nuclei are not naked ; they 
are surroimded by a small quantity of a finely-granular sub- 
stance, which is diiefly heaped up in the direction of the long 
axis of the vessel. A second contour, which surrounds the nuclei 
at a variable distance, may be rendered visible, according to 
//w, by the silvering process ; this would give the membrane 
the significance of a lymphatic endothelial tube, though all 
attempts to arrive at some reliable knowledge concerning its 
relations to the lymphatic system have hitherto failed. This 
membrane is the starting-point of the morbid growtli, and that 
too in its capacity as a lymphatic endothehum. The first stage 
of the process consists in a marked augmentation of the residual 
])rotoplasm wliich smrounds the nuclei. A fissiparous multipli- 
cation of the nuclei coincides with it in point of time (fig. 43, 5). 
The nuclei recede from one anotlier ; and while some of tiiem 
may undergo repeated fission, others enter upon a peculiar 
change. They assume more of a globular shape in place of their 
former flattened, discoidal aspect ; as a result of this, tliey become 
smaller in size ; whereas they were pale and finely granular, they 
now assume a homogeneous lustre ; in a word they put on the 
appearance which has already been referred to as characteristic 
of the nuclei of tlie tubercle-cells ; at the same time, alterations 
sot in immediately around the nucleus. The protoplasm begins 
to refract light more highly ; its density increases, so that the 
nucleus looks as if it were surrounded by a spherical envelope of 
<j;round glass ; the sphere is bounded by a line, indistinct at 
first, hut which subsequently becomes sliarpcr and more definite ; 
this limits tlie entire structure, and completes the tubercle-cell in 
all essential respects. Fig. 43, 6, represents shreds of the adven- 
titia torn from the growing border of a small tubercle ; in the 
layer of condensed protoplasm we see on the one hand complete 
elements with others in process of development, and on the 
other, cavities which corresjx>nd to tliosc elements in form and 
size ; the cells having dropi)ed out during the mounting of the 
specimen. Fig. 43, 7, shows the edge of a small vessel in 
whose adventitia several tubercle-cells and nuclei are em- 
bedded* 
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f Tlicsc cells are at fii'st so sjiuriiigly protliic-cd tliat wide bridges 
of protoplasm Inteneiio between tlicm ; tliis also may be seen in 
fig. 43, C. As tliey grow more plentiful, the bridges waste 
awaj", the newly dovelo|»e(l (.-lements touch eacli oilier, and are 
flattened to some pxtont by mutual contact. The quantity of 
residual protoplasm is very trifling. AVhat there is goes to fill 
that system of inter-communicating lacuna! which is necessarily 
left between a number of spherical structures when in apposition ; 
it forms n delicate network in whose meshes the tubercle-cells 
are embedded. Sucli a network is shown in fig. 43, 4, the 
cells having been partially removed by pencilling. It consists of 
fine round threads, which widen out here and there to form small 
three-coniered expansions. Tins always denolfis that the con- 
tact betw'ccn two adjoining cells has been inii>erfect, so that a 
"wider film of protoplasm has been left hehveen them. Even 
nuelei may still bo met with ui some of the nodal points of the 
reticulnra. The entire structure therefore is in some respects 
like the finer trabecular networks in tlio interior of lymphatic 
glands ; and on this ground alone I was formerly led to institute 
(I comparison between tlio tissue of tubercle and that of the 
lymphatic glands ; and, in common with other anatomists 
( Viifhotc), to regard tnbercle as being actually a lymphoid or 
hnnphomatous morbid growth. ^Hiat mainly confirmed mo In 
thi* view however was the similarity between tubercle and 
the formation of perivascular lymphatic sheaths ; the latter 
process being, in my opinion, the fundamental clement in the 
prodnction of the Biibstancc of the lymphatic glands. Mean- 
while, however, it was foimd that the growth of miliary tubercles 
vrns inseparably connected, not indeed with the presence of » 
Wood-vessel as such, but only with that of an endothelium. 
Specific irritation of the ondothelia of the lymphatics, the serous 
membranes, and the blood-vessels (Schiippel) is tlie essential 
factor in the production of the miliary nodule ; and it is only 
lx>cauBe the lymphatics run by preference in the immediate 
neighhourbood, in the advcntitia of tlie blood-vessels, that 
miliarj- tubercles also exhibit a preference for that locality, (For 
the development of tnl>ercles on the serous membranes and in 
the lungs, see special chapters on the morbid anatomy of those 
organs.) 
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4. HisTioiD Tumours. 



§ 116. Ou the capacity of the intermediate apparatus of 
nutrition for generating embryonic tissue at nearly anjr point in 
the body, are also based those higher products of tissue-genesis 
which we term " growths " in the strictest sense of the word, or 
more correctly histUnd tumours. These are characterised by the 
internal continuity of their constituent elemente. The majority 
are made up of only a single tissue ; should they be composed 
however, of more tissues tlian one, the component tissues are 
never isolated, never marked off, as epithelium is marked off firom 
connective tissue, but are in organic continuity with one another. 
The explanation of tliis internal continuity is to be sought in the 
original unity (Gleichartigkeit) of the material of which the 
tumour is built up, this material being in erery case embryonic* 
tissue. From this, by a subsequent process of differentiation, 
are developed tissues of a higher fype, more particularly the 
<;onnective substances— connective tissue proper, with those of 
its varieties which occur in inflammatory products (Fibroma 
:and Sarcoma), cartilage (Chondroma), bone tissue (Osteoma), 
adipose tissue (Lipoma), mucous tissue (Myxoma) ; the higher 
anomalous tissucft, such as the muscular (Myoma) and the 
nervous (true Neuroma) are more rarely produced. Their mode 
of origin however is precisely the same as in foetal development ; 
ie. a certain number of embryonic cells are converted into the 
specific elements of cartilage, bone, fat, or muscular tissue, 
while the remainder go to form connective tissue ; moreover, an 
adequate vascularisation partitions out the resulting structures 
into territories of nutrition, thus incorporating them with the 
organism as a whole. This ensures the . interdependence of the 
tissues among themselves, as well as their connexion with the 
organism ; the morbid product taking its place as an organ, 
tliough a malformed and unnecessaxy one. Growtlis of colossal 
size are often produced without in any way affecting the integrity 
of the body ; such growths only requiring removal by the knife 
to reestablish the Hatus quo cuiJU, 

§ 117. This last statement requires some qualification. Un- 
fortunately there exist, even among histioid tumours, a certain 
number to which we are compelled to ascribe a ^^ malignant'* 
character (Malignitas). 
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call a tumour "malignant," not merely because it cu- 
ingers the life of its host, but because it threatens his life in 
oue particular way, bj exciting a definite constitutional malady 
which is incompatible with the due continuance of tiie general 
nutrition of the orgajiism. The symptoms of tliis general 
niulady (Cache^a) are: prostration of strength, diminution in 
the amount of blood, watety blood, emaciation, eartliy tint of 
^kin, profuse sweating, diarrhcea, haemorrhages, &c., to which 
tlic patient finally succumbs. 

All attempts to detect the cause uf this general disease by 
<--hemical or microscopical investigation have hitherto proved un- 
siicceasfnl. How tlie malignant tumour gives rise to the cachexia 
is still unsettled. Those who regard tlio tumour as primarily a 
local disease arc very naturally interested in idontifyuig the 
marasinus iu question (which is always secondaiy) with the 
oonstjtutional tumour-dyscrasia (Geschwulstkranklieit) of the 
limnoral pathologists, and in deriving botli equally from tiie in- 
fecting action of the malignant growtlt. Tliia view lias especial 
claims upon our favour; for one thing at least remains beyond 
question, viz, tliat a stimulus Is propagated from the jirimary 
iwth which excites the development of similar deposits else- 
and wfiich gradually extends its influence over the entire 
organism. In tliis extension of tlie formative stimulns, the so- 
■alled " constitutionnl infection," we recognise throe distinct 
.tages. 

§ 118. During the first stage its ojxiration is confined to the 
lediate neighbourhood of the primary tumour. It determines 
continued production of new foci at the periphery of the 
central growtli, with which they subsequently coalesce. Malignant 
tumours therefore invariably cjctond by peripheric infiltration 
(j 69,3). We arc obliged to assume that the impulse to morbid 
growth jirecedes the growth itself by a certain Interval of time. 
' ' we learn from what is known as the tendency of malignant 
"toiDOurs to recur after extirpation. Suppose we remove the 
entire ttunour, together with its zone of peripheric infiltration, 
with a view to arrest the mischief. The incision appeared after 
the operation to have been wholly within tlie hmits of the healthy 
nowhere could we detect oven a trace of pathological 
liferation. Nevertheless, in tjie majority of eases wo find, 
dismay, that a Jrcsh tumour, similar in character to the 
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one removed, recurs at the seat of operation, from the very 
tissues which seemed at the time so entirely healthy. Unless 
therefore we adopt the tlieory of a dyscrasia, we are driven to 
assume that the tissues, even when already affected by the forma- 
tive stimulus, afford no visible signs of this till after a certain 
time has elapsed. 

§ 119. The second stage is characterised by the implication 
of those lymphatic glands which receive the lymph from tlie 
region primarily aiftected. There can be no doubt that some 
material stimulus is conveyed by the lymphatics. But what is 
it? We might think of cells. We know that even coarser 
particles, e,g, insoluble pigments, rubbed into the abraded cutis 
in tattooing, are taken up by the lymphatics, and carried to the 
nearest lymphatic glands, where they are deposited. But may 
we conscientiously resort to tliis analogy ? After recent injuries 
the lymphatics gape, and are well able to take up material 
particles. Are we justified even in suspecting the existence of 
some such condition of the lymphatics in the neighbourhood of a 
tumour? The pigment-granules are either hea^y, sharp, or 
hard particles, which, in consequence of any one of these 
qualities, and aided by ftiction of the tattooed siu^ace, are able 
to penetrate in any direction through the soft parenchyma of the 
body as far as the lymph-canals. We cannot say the same of 
cells. ThU analogy therefore must be put aside ; but its rejec- 
tion does not necessarily involve the rejection of the hypoth^is 
that the lymphatic glands are infected by the transport of cells. 
On the contrary, thanks to the discover^' that young cells are 
enabled by their amoeboid contractility to penetrate through the 
connective tissue in all directions, we are no longer at the mercy 
of tlie analogy above alluded to ; with a degree of probability 
verging on certainty we can assign the infection of the lymphatic 
glands, and of the entire body, to the tumour-elements them- 
selves, or to such young cells as have acquired infecting powei*s 
bv direct contact with them. 

The implication of the lymphatic glands is held to be a proof 
of the infecting power of a tumour, and so far as of unfavour- 
able augury. Tliis outweighs the more sanguine theory (which 
has been started more than once), that the zymotic virus is 
shut out ft'om the rest of the organism by closure of the 
lymph-paths in the interior of the swollen glands. When we 
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■cloam-c by swelling," 
we shall find it necessarj- to admit that it may very probably 
lelard the progress of infection. The delay, however, is never 
more than temporary ; it never amounta to an arrest of the 
]trocas9. 

5 120. The third and last period in the propagation of the 
tumour shows us that even the sacrifice of several l^mphatiL- 
lands has not preserved the organism from constitutional 
Tlie production of secondary deposit* in other regions 
the body is known as metastasis. Whether this designation is 
justified by the actual transfer of material partieles from the seat 
of primary mischief and the diseased glands to more remote 
parts, is open to all the doubts previously expressed ; the most 
active investigation lias hitherto failed to demonstrate the 
tumoar- elements in tlie blood, through which their transit must 
inevitably take place ; so that here also, prudence bids us confine 
ourselvos for the time being to the hypothesis of some zymotic 
material existing in the blood. 

Whoever rejects the theory of a dyscrasia, sees in this radia- 
tion of the formative stimulus from the seat of primary disease a 
summary presentment of the relation in which every malignant 
growtii stands towards the organism. He who supports tlie 
doctrine of a primaiy constitutional disorder occupies a far more 
difficult position. He may insist however : 1st, that tlic cachexia 
cannot us yet bo fairly identified with the constitutional infection, 
and 2nd, that tlie formative stimulus must be tlie same for the 
_prim«iy tumour as for the secondary deposits; and that the 
ilHBoalticB in tlie way of explaining the origin of the primary 
tumour, save on the h>-pothesi3 of an antecedent dyscrasia, 
j-cmain as great as tliey ever were. For my own part, I do not 
feel called upon to anticipate in any way tlie coming solution of 
this problem. 

§ 121. Having agreed upon the clinical significance of 
malignity', we may proceed to inquire^ whether there are any 
anatomical signs by which malignant tumours may bo recognised, 
tvcfore their malignit)' is proved by the occurrence of metas- 
tasis ; to this inquiry, we return tlie same answer as Waldei/er, 
namely, that tumours tend as a rule to become generalised in 
direct proportion to the vascularity of the soil in which they 
and to the number of mobile cells present in tlieir 
10 
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interior, or immediatelj around them. We still have plenty to 
do in trying to increase the atore of our experience conoeming 
this most important subject, by the thorough histological investi- 
gation of every tamonr which comes imder our notice, combined 
with a careiul record of the farther progress of each case. For 
the present, we will content ourselves with stating the degree of 
malignify of each individual species of tumour, so far as the 
experience at our disposal will allow. It will be seen that 
*^ cancerous " growths stand foremost in order of malignity, but 
that some of the histioid tumours (viz. sarcomata and enchon- 
dromata) are also endowed with a certain measure of malignity, 
which is not always assignable to their being combined with 
cancer. 

§ 122. Before dismissing this important subject, several 
points nearly allied to malignify, but which ought not to be 
confounded with it, must be placed in their right light First 
among these is the general question of danger to life. A tumour 
may, by its position, its size, its weight, &c., not only occasion 
the greatest inconvenience to its host, but may be the direct 
cause of his death without being entitled, on this ground alone, 
to be called malignant A fibroid growth in the prostate 
obstructs the urethra and causes death by retention of urine ; a 
fibroid of the uterus endangers life by haemorrhage ; we are not 
justified on such grounds in terming either of these tumours 
malignant Neither can the multiple character of a tumour be 
regarded as ipso facto evidence of its malignity. When we find 
sarcomatous growths in various parts of the skeleton ; when 
eruptive foci co-exist on the calvarium, the tibiae, the clavicle 
and the vertebral column, we may legitimately infer that the 
entire osseous system is diseased, and we may suspect a general 
disease of bone, analogous to the general affection of the skin in 
the exanthemata ; but it would be a mistake to try to identify 
this primary generalisation of the growth with that secondary 
generalisation which is peculiar to malignant tumours. The two 
are independent of each other. 

• 
a. Sarcomata* 

S 123. On comparing any sarcoma, as regards its colour and 
consistemT', with muscular tissue, we find it hard to understand 
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tumours can ever have received the name of " fleah- 
(sarcoma from <rap(). It Ib triui that in oommoii 
parlance many thin^ besides muscla are called flesh ; for 
iDBtance, granulations are commonly spoken of as " fleshy," 
and if tlic name " sarooma" were derived from this application 
■of the term, tbo comparison might be regarded aa a very a]it 
one, and that on more grountls tlian one. For the sarcomata 
are the most interesting of all histioid tiimoura, just because they 
nndoabtedly repeat that group of tissues with which we became 
Aoquainted among the heteroplastic products of inflammation. 
We meet once more with the round-celled embryonic tissue of 
inlations, and with its lymphadenoid variety {caro huairianii), 
spindlc-ccll tissue, and the densely flbrous connective tissue 
of cicatrices. As a rule, we find several of these tissues iu 
combination — combined however in such a way, that one of 
them constitutes the main bulk of the growili, while the 
otliera are present in smaller proportions. The tumour is 
named after its chief constituent, a potiori fit denominatia. 
Accordingly, we distinguish three main categories of sareo- 
mata, sc. round-cell sarcomata, spindle-cell sarcomata, and 
fibromata. 

The Booondary constituents are never co-ordinate with the 
prittcipal tissue ; they are either preliminary stages in its de- 
Telopment, or products of its &rther metamorphosis. These 
metamorphoses occur in the same order as in formative inflam- 
lation ; the round-celled tissue (granulation -tissue) stands first 
point of time ; it is converted into spindle-ccll tissue, which 
its turn gives rise to fibrous tissue. We must not however 
it oar eyes to the fact that tlie series of possible evolutional 
is not restricted to tbo histological products of formative 
lation. Cartilage, bone, mucous and adijmse tissue are 
net with in sarcomata as results of tlieir secondary metamor- 
pboue. Of course tliey occur only as subordinate constituents, 
and enable us to establish varieties ; the tumours in which they 
predominate, or in wliich they exist alone, forming the farther 
classes of the heteroplastic histioid growths, the myxomata, lipo- 
mata, enchondromata and osteomata. This shows us tlie clone 
itor-conuexion of all histioid tumours and helps us to milte them 
a single group. 
The ocigin and growth of sarcomata vary for each species ; 
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we may affiim generally that growth by infiltration of sorronnd- 
ing tisaaes, the so-called peripheric mode of growth| occupies a 
subordinate position ; central growth, increase by internal appo- 
sition, taking the first place. The fibromata afibrd exquisite 
examples of central growth ; the medullary round-cell sarcomata 
indine rather to the peripheric mode of increase ; the spindle- 
cdU sarcomata, in this as in other respects (jk. as regards malig- 
nity) occupying an intermediate position. 

It would be possible to constitute a long series of species 
and sub-species of sarcomata, were all those modifications to be 
taken into account which are mainly due to the seat of the 
tumour. I prefer to confine my remarks to a limited number 
of typicaUy recurring fi)rm8, and to 'relegate the consideration 
of tiie special sarcomata of individual organs and ^tems to 
the second part of this treatise. Among such special forms I 
place the ossifying sarcoma of the periosteum and the giant- 
cell sarcoma of the medulla of bone, the glioma of the central 
nervous organs, the (^stosarcomata of the various glands, Ac I 
will also avoid all reference at present to the finer shades of 
difierence between the leading forms ; in my own experience, 
there is hardly any tumour which has not some shade of differ- 
ence peculiar to itself; nay, I would go so far as to assert, that 
tmnours exactly similar to one another can only occur at exactly 
the same point in the organism. 



Round-cell Sarcomata. 

§ 124. L — The ffranutation-'like rmmd'cM sarcoma (sarcoma 
globo-cellulare simplex). In texture and composition this form of 
sarcoma approximates most nearly to the type of granulation- 
tissue. It presents itself to the naked eye as a yellowish or 
reddish mass, homogeneous throughout, soft yet elastic, and occa- 
sionally very like fish-roe ; firom its cut surface a scanty juice 
may be scraped ; this juice is nearly dear, or else contains but a 
small proportion of cells. The cells are small in size, round, and 
contain relatively large, sharply-defined nudei, furnished with 
nudeoli. As a rule, there is but littie protoplasm, and what 
little there is is quite naked ; to make it visible, and to ocmvinee 
ourselves that eadi of the seeming^ finee nuclei is really part of 
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I cell, we are obliged to have rcuourso to hardening the tumour 

1 staining it with carmino,* 

The structure of a round-cell sarcoma ditfers from tliat of 

K«rdiiiar/ granulations only in degree. Some of the vessels ai-e 

wider and have thicker walls ; but where they break op into 

capillariee, thtiy are quite as frail as those of grannlation-tissue, 

consisting frequently of no more than a single layer of cells. 

Their interstices are uniformly packed with the round-cells, and 

tlie scanty, soft, amorphous mati'ix of the embryonic tissue. In 

rare cases, the entire tumour is more highly differentiated ; it 

I cecalls tlie papillose variety of granulations, exhibiting radiating 

[ fltriie, along which it has a tendency to split up. On a subse- 

lenl opportunity we will say more about these fasciculated 

BDond-oell sarcomata which spriug by preference from tlie peri- 

teum, where tliey arc known under the name of sarcoma 

The eiinple romid-ccll sai'cumata originate most commonly 
(torn mombrnnoas e-\pnnsions of connective tissue ; tbey grow 
by preference from the periosteum and tlio membranous invest- 
ments of the nervous centres ; we must however be prepared 
occasionally to recognise tliom in other parts as well, in the skin, 
the mucous and serous membranes, nay even in tlio glands. The 
umple round-cell sarcoma is closely related to the small-celled 
spiodle-cell sarcoma, and through tliis to the fibroma ; it often 
passes continuously into these torma. In harmony witli this is 
the comparative benignity which distinguislies this variety among 
•11 other round-cell sarcomata. 

§ 125. IL — The (ympluvlenoid roand-cell mi-coma (sarcoma 
lympliadenoidcs, molle). Tliis variety owes its softer teirture 
mainly to the circumstance that its cellular elements are less 
closely aggregated than those of ordinaiy granulation- tissue. On 
scraping its cut surface a juice, loaded with ceUs, is readily 
obtained ; on microscopical esamination these prove to be round- 



^^^nnc 



• Virchow is inclined to ascribe thf uppcarancc of the aeeminKly free 
Dacloi to an excessive frailty of the bodies of the cells ; and lie takes the 
opportunity of adding an obaorvotion which all practical ht8tologista 
should laytoheartfOnTumourB, p. 204); -this frailty of the cd!i is so 
Btrildiig, tliftt 1 have long been in the Jmbit, whenever a recent tumour 
aeems to consist munly of large, naked nuclei, with large, lustrous 
iclooli, of at once suspecting that I have to do irith a u 
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obBm with iaxg^ oral miclei, which nfiaet KgM 1"^ ^Mbly, and 
ue each provided with a pcnnt-Uke imdeolBK. On hndaDing 
tli» tmnonr and ptncglKng oat a fine nctkn, ws ditep rc r s ddi- 
mte intaredhilar netwo^ which tertSafy w inda as of die 
ratjeofann of the iTin^wtio fellieleSf tin ali—entaij iwiooni man- 
bnme, md d» earo banaiam (fig. 45}. Thb naiwark iaatntdvd 
between the wide, Umi-waDed capillaries, and iiqiarts « oartain 
mnmatenoy to the eatin a tmetur e, widle pw mi tting fluid to 
ooDeot ID abundance round the ttStf and thus GinMiriiiff their 



Una &aa of Hroona origiiiateB moat freqaeatly from tib» 
sabcntaneoos, snbfiweial, and intenanaoolar oc ou ee li i'e tiwoe of 
die thi^ Neat in order of freqasDoy come die tpnphatiB 
j^andfl. Jn thia case however we are met hy the ""g"*— ■ diffi- 
etdtj' that the anatomiat may be misled t^' similarity of atmotan 
into regarding the sarcoma as a omple ovra^rowth, hoirenr 
■Kmatrona, of the ^anda ; while ita eiit^ealmaik (sue ofextreme 
malignity) indicates its abaohite identity with the soft variety of 
(St$ Lymi^ntie Olanda.) 

Fib. 45. 




Boimd'-cell Barcoma. a. Lnnuna of veeads ■ b, 1 

partiaOj pcncilled oat to show the delicate network fbrined 
b; the hantonad nuttrix. i^. 

There are sevend varieties <^ the lyn^ihadflooid aarmHna, 
^wmiMDw variety (aucooui lipoiiictodei^ is dwnMterisad k^ 
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. llEviiig its cells partially converted by fatty inSltration into fat- 
cells, Tfiis transformation is always restricted to a limited 
number of the elements present ; inasmuch however as the 
altered cells arrest attention by their lustre and their size, it may 
verj' readily seom as though tlie vast majority, if not all, of 
the sarcoma-cells had been converted into fat-cells. The resem- 
blanee to genuine adipose tissue does not go very far ; the lack of 
uniformity in the infiltratton, and the promiscuous assemblage of 
very large and very small fat-cells, which are never united into 
clusters, make it impossible to confound these tumours witli 
Itpomata. 

The myxomatous itavoma (s. myxomatodes). Small portions 
of mucous tissue are not unfreqiiontly found embedded here and 
there in the substance of round-cell sarcomata. Such islets 
betray themselves even to the unaided eye by their transparent, 
jelly-Uke, tremulous consistency ; the microscope usually demon- 
strates aji abundant proportion of mucous basis-substanco, with 
a great number of round-cells whicli do not anastomose with 
one another, embedded in it. Hucous softening of the basis- 
substance may justly be regarded as a secondary metamorpliosis 
to which all round-cell sarcomata are liable. The possibility of 
this change occurring at an early period in their development, 
and its extension through large portions of a tumour, justifies 
tlie term " myxomatous sarcoma. " Nay, the mucous tissue may 
K exceed the proper structure of the tumour in amount, that we 
migbt be led to think of a true myxoma, but for the presence of 
Bomo few unaltered portions ; those, and more particularly the 
youngest products at tlio pcriphcrj- of tJie tumour, and its striking 
metastases, place its sarcomatous nature beyond the possibUity of 
question. The extremely rapid rate of growth which is charac- 
teristic of myxomatous sarcomata might be inferred from the 
&ct that mucus, owing to its capacity for swelling by imbibition, 
takes up a volume disproportionately greater than that occupied 
by tbe scanty intercellular substance of the sarcoma. 

Mucous metamorphosis and fatty infiltration often co-exist ; 
ich tumours are peculiarly prone to assume a colossal size. 

Xhe lax connective tissue of the extremities and the subpcrl- 
'Oonnective tissue are the scats of election of the mucous 
of sarcoma. 
large-ailed round-cell earconia is distinguished by the 
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approximation of lU cells to the epithelial type, and hj an inter- 
cellular network with mesbea of propoiiioaate size (fig. 46). 
Ihia tamonr ia very soft, cerebriform, and thereibre eaail^ con> 
founded with the next species. 

Fifi. W. 




The large-celled ronnd-cell sucoma. xjb> (After Baimth). 



III. — TIte alveolar rmmd-ceU tarcoma (^BiSroth) (sarcoma 
mcdullare, carcinomatodes) represents a &rther advance in the 
independent evolution of the cells, analogous on the one hand 
to the suppuration of an inflamed texture, while on the other it 
recalls that more sharply-defined contrast between the oonnoctive 
tissue and the corpuscular structures which we shall find in 
cancer. Characteristio of this variety is the occurrence of 
globular masses of cells, which are no longer held togeth^ by 
any proper matrix, bat resemble the pus-corpusclea of a minute 
abscess in occupying a gap of appropriate size in the continui^ 
of the connective tissue. This must not be taken to imply that 
the cells in any way resemble pus-corpasdes ; on the contrary, 
they are notably lai^r in size, they are provided with round, 
vesicular nuclei containing lustrous nucleoli, and verge far more 
nearly on the epithelial type, which in soUtaiy instances they 
may even simulate in the most deceptive way. And here I go 
farther than many will be disposed to fi^w me ; I re^ud the 



HOTTND-CELL SAHCOMATA. 



153 




icture in question as being roally a caiiceruus tlogeiieratiou ut' 
sarcoma (s. caret nomatodes). In my opinion, we ai'e no 
iger justified in regarding that cancerous typo of struotuie 
: co-cxtensive witli the clinical denotation of carcinoma, 
as based eselusively upon the primordial oppositioti between 
connective tissue and epitlielium. "Stroma "and " embcddel 
oetls" may be produced in more ways than one, and " cpitheOoid " 
is not synonymous with "epithelial"; though wo may fed 
puzzled to explain how it is that tliose cells which sopai'atc ironi 
the parent soil in a more organic manner, slowly, and not sud- 
denly like the corpuscular elements of pus, should invariably 
fixhibit tliis tendency towards a more epithelial type of develop- 
For there is just tliis distinction between genuine suppu- 
ion and this simulacrum of it, that we cannot simply regard 
globular aggregations of cells as being wholly outside of the 
itrition of tlie body. Their continued existence without under- 
ing fetty degeneration aflbi'ds sufBcieiit proof of tliis. 

S. carcinomatodes occura in the most diverse parts of tlio 
iteTinediate apparatus of nutrition ; it is most frequent in the 
marrow of bone, in the eye, in the subcutaneous tissue. A pecu- 
liarly malignant variety, characterised by the pigmentation of 
its cells, is known as pigvientaty earner (s. alveolaro pigmen- 




Alreolar round-cell sarcoma, pifrmentcii. h. An alveolus from 
which its proper globe of round-cclla has dropped oat ; e. 
VesBel, with pigmented endothelia ; d. Pigmented ronnd- 
L-ella ; c. Sptndlc-cells, forming stroma. 
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tatum). The prtmsional diagnoBis of this varieij is based on 
the great softness and daik ooloor of the tumour. On micro- 
scopical examination we find| side by side with the alreolar 
stracture in which its growth culminates (fig. 47)| parts of yari- 
able size, illustrating eariier stages in its development Most 
common is an infiltration of the connective tissue with pig- 
mented round-icells ; the transition from this to the meduDaij 
structure being operated by circumscribed aggregations of sncli 
cells. In other cases a well-mailced sarcomatous texturCi oftoner 
of the spindle-cell than of the round-cell kind, has obviously 
existed alone for a considerable time before the characteristic 
globes of cells can have been developed. This leads us to 
believe that the melanoses generally are very doeely related 
to one another; a view which will be more amply developed 
when we come to speak of what is vulgarly known as ^^ pig- 
mentary/* or ^^ melanotic*' sarcoma. 

Spindle-oell Sabookata. 

§ 126. IV. The mnatt'cdled tprndU^eeU Mrcoma (s. fuso- 
cellulare durum) stands in the same relation to other spindle-cell 
sarcomata as the granulation-like sarcoma towards the remaining 
round-cell sarcomata. It deviates least from the type of inflam- 
matory growth, closely imitating that spindle-cell tissue of recent 
cicatrices which constitutes the permanent link between granula- 
tion-tissue and the fibroid tissue of cicatrices. The charaoteristic 
element of its texture is a short and narrow spindle-oell, con- 
taining a roundly-oval nucleus with or without a nucleolus. 
The protoplasm of the cell is finely-granular; it is thickest 
immediately around the nudens ; a limitary membrane cannot 
be certainly shown to exist ; the smaller cells are undoubtedly 
devoid of one. 

The spindle-cells of which the tumour is made up are very 
regularly dovetailed into each other, the acute -angle left vacant 
between the pointed ends of every pair of adjacent elements 
being filled by the pointed end of a third one, lying either 
behind or in fironi of them. No trace of any interstitial sub- 
stance is to be detected ; in no case is there more of it present 
than there is in granulatioD-tissne ; but this minimum, which is 
really nothing more than an amorphous and glutinous cement 



8mn>LB-CBLL BAJtCOMATA. 



I5i> 



tp tiie cells together, cannot be supposed to be lacking 
even in spindle-cell tiaeue ; by its aid, and omng also to tli& 
harmonious coaptation allnded to above, bands of eoUn aro 
formed, bundles of variable thickness, whieli constitnte the proxi- 
mate stmctnral elements of the spindle-cell sarcoma. Tlie 
bundles very rarely radiate from a single centre; more coni- 
mody we find a number of centres; the varions S)-stems ot" 
fiiscicnli being interwoven witJi one another in tlie variou)^ 
lines indicated by the position of tliosc points. As a general 
rule however, we are not able to detect any dcHnite plan in 
accordance with which tlic bundles are combined to form a 
single whole. In every section we examine (fig. 48) we find 
^^^^ some fascicnli divided longitudinally, others transversely, others 
^^^■juain in a more or less obliqne direction. An attempt has heeiv 
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Spindle-ccll sarcoma. Vessels gaping. The cellular bands 
divided, Bome transversely, some lougJtadinaUy. iJj;. 
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made to connect the course of the cellular bands witli that of 
vessels ; bnt this is altogether wrong ; for although the thicker 
licoli invanably contain an axial vessel of considerable size, 
is tnie of the tliicker fasciculi only. With tliis exception, 
vessels form networks, just as in other parencliymatou» 
structures, permeating the cellular bands in all directions. More- 
over all the vessels of a sarcoma, including those of larger 
calibre, have as good as no proper walls ; they present themselves 
transverse sections of hardened specimens as simple canals, 
inelled and drilled tlirough the tissue. 
The small-celled 8|HndIe-cell sarcoma grows by preference from 



156 



snmoM-csLL sAscxncAU.. 



fibrous membranefl, fiucie, aheatiu of Teasela and nerves, the 
Buboutaneoas and sabmnoouB oumective tiwoes ; in a word, its 
seats of eleotion are the same as those of fibronut ; indeed, the 
two not on&eqnently occur together {e.ff, in the uteros). More- 
over, in all BOoh sarcomata there are parts where the spindle-oell 
tissue passes into fihraos connective tiasue ; tamoors ocoor, which 
are made up of both these tissaes in equal proportions ; so that 
tlie connexion between this variety of sarcoma and fibroma is 
so intimate as almost to amount to identity. 

V. The large-celled gpindle-cdl tanoma b much more than a 
mere variety of the preceding form. It differs from it in one 
most important point; the disproportionate development of its 
cells as ooropared with all the remaining elements of its struc- 
ture. The spindle-cells may attain the very considerable thick- 
ness of -015", and a length so enormous, that their two ex- 
tremities, under a magnifying power of 200 diameters, are 
separated from each other by three times the diameter of tlio 
microscopic field. The thickest part of the cell corresponds in 
position to the lai^, roundly-oval nucleus, with its lustrous 
nucleolus. The protoplasm is finely-granular and soft in the 
neighbourhood of the nucleus; as we recede from the nucleus it 
becomes more homogeneons. No cell-membrane can be shown 
to exist; but the processes occauonally exhibit so marked a 
degree of tenacity, and so high a refractive power, tliat we most 
regard them as made np of protoplasm which has grown rigid. 
The name " spindle-cell" implies the existence of two such pro- 

FiG. 49. 
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; exceptional ly Lowe\-or, we find three or more, giving the 
! a stellate character ( Virdiorr). 

In typical examples of spindle-cell sarcomata the cells nnito 
tn form bands of considerable size, leaflets, and fasciculi. These 
may radiate in straight lines in cvory direction from a common 
base (radiating sarcoma, foliated sarcoma) ; or tlioy may bo 
elaborately interwoven n-ith one another (trabecular sarcoma). 
Tliese tumours may grow to a very considerable size witliout 
undergoing any farther modification of structure or composition. 
The enormous growtli of the cells is in some measiu-e vicarious 
for the due production of fibrous intercellular substance ; and if 
wo are disposed to agree with Max Schdtzf in viewing the latter 
as simply metamorphosed protoplasm, tliis woidd be a case in 
uhid] building materials had been generated in profusion, but 
not used. 

The Im-gc-celled spindlo-cell sarcomata start from fascia} and 
membranes, seldom from the inter- __ 

slitial tissue of glandular organs. Their 
malignly is restricted in degree ; they 
very seldom recur after timely cxtir- 
|>ation. Of course tliey must be oare- 
fidly distinguished frt)m cancers and 
medullary sarcomata with a radial 
siructare. 

Tlie only variety of the large- 
celled spindle-coll sarcoma is a tumour 
which is met with in the skin of the 
cheek; it is essentially a combina- 
tion of the ruuud-cell with the spindJo- 
ccll tj-pe. Broad, fibrous bands of 
spindle-shaped cells diverge from one 
or more centres ; the intervals between 
Uiem are occupied by the round-cell 
tissue. This arrangement ia repre- 
wiited In fig. 50. We see tlie colossal spindlo-cells, with their 
long bodies and yet longer processes, enclosing long meshes in 
vrhicli the round-cells are embedded. 

^'I. "Die piffmfntary or tnetanotic sarcoma (s. mclanodes), 
starts most commonly from the choroid coat of the eye; 
next in order of frequency &om the skin ; both parts, in which 




Large- celled i 
place in irhich pamllel 
rowa of colosE»l spindle- 
cells src mingled with 
round-cells. a. Bound- 
cella; fc.Vcssel. jjj. 
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iaries of ibe pigment The hirtdogical details o( pigmentauy 

MiillntkNii have been (nDj described in the earlj part of tfaia 

iraric ; ibe reader maj refer to tbe correqpondiiig fjertinna I 

^0un repudiated, as regards mdanotic growtbs, tbe bjpodiesa 

l^iriucb derives pigmentation solelj from antenedrnt baemoKrbj^es, 

^jabatitnling the view fliat in such cases sofaible Uood-p^;Dient 

inia taken np firom the Uood. I arrived at this condnsim, apart 

fiom the hdi of evidence in support of the haemorrfaagie tbeoiy, 

from considering how pigment first originates in tnmoon which 

^ liBTe existed for a considerable time as simple mednUaiy sarco- 

and have subsequently become melanotic; reeorring as 

after extirpation and giving rise to secondary deposits of 

tka mne kind. In such tumours we are often able to detennine 

flHt the earliest traces of pigmentary infiltration appear in the 

^pkkdial cells Unmg the vessels. Can this be explained otherwise 

than by supposing that the epithelial cells take up the diffused 

aolonring-matter firom the Uood ? that it becomes concentrated 

and then jnrecipitated in a granular fi)rm in their interior? And 

when j^gmentation of precisely the same kind makes iti appear- 

anee at a later period outside the vessels, and finaOy extends 

thtoogbout the entire parenchyma of the tomonr, I cannot see 

any reason fi^r doubting that here too the phenomenon takes 

place in the same manner as in the epithelial cells which line tbe 

veasels— by the absorption of diffused colouring-matter fi-om tbe 

blood. 

f 127. In comparison with the general pathological relations 
of melanotic tumours which have just been discossed, their posi- 
tion in the anatomical scale is a question of subordinate moment 
What is vulgariy known as melanotic cancer baa already been 
described ($ 125) under the name of alveolar roond-cell sarcoma, 
or medullary melanotic sarcoma. Hie remaining mdanotic 
growths belong for the most part to the group of sjnndle-cell 
sarcomata. Their consistency is genendly firmer ; their texture 
fiueieulated or foliacoous. Their well-marked tendency to pro- 
ject above the surface, to form tuberous and fungous elevations, a 
tendency whidi they have in conmion with the round-cell sarco- 
mata, distinguishes them very notably firom the destructive carci- 
nomata. As regards their colour, we must bear in mind the 
principle above referred to (of the cokynrleas condition of their 
elements when young), as a standard of comparison. Melanotic 
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sarcomata of great size occur, wliicli betray tbeir true character at 
first only by a black or brown marbling, a mottied or jnebaU 
nppearance. Tbo deep brown-black, sepia tint ts confined to the 
most extreme degree of pigmentary infiltration. 

A fibromatons character ia only exhibited, according to 
Virehote, by the melanotic inngosities of white horses, allnded 
to above ; tnmonrs differing in their benign charactM' from all 
other melano-sarcomata, which are invariably malignant. 



Fibrous Sabcouata. 

^12S.'Vll, The FSnmd. I cawiot separate the fibromata from 
the sarcomata. Just as we sought the prototypes of the ronnd- 
ccll and spindle-cell sarcomata in the round and spindle-cell 
tissues of inflammatory proliferation, bo wo shall find the proto- 
type of the fibromata in the formed tissue of cicatrices. 

The common fibroid (desmoid) consists of a fibrous, reddish- 
white, stiffly-elastic substance, so dense and tough or even hard, 
tliat it creaks under the knife. Its structural elements are 
identical with those of cicatricial tissue. If we tear off a fine 
fibril from the cut snrfiioe of the tumour, and tease it out, we 
arc amazed at the enormous bulk which it assumes, i.e. at the 
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TranaverM soction tltrongh a fibroma of th* uterus, zia- <*■ 
Isolated cellolar elements ; h. &souniIiu teased out to bIiow 
its oompoaeat flbrilba. rix- 

enormous number of yet finer fibrilbe into which it allows itself 
to be bndcen np. The microscope shows us, moreover, that each 
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of thne finer fibriUs is iuelf tnsde up orotIierfibriiI»orextraiM 
tenoi^, aj^MTEDt to the ere as m^re lines, though sharp and da 
fintto lines (fig. 5U). Jusl as a weU-plaited braid takes up infi*« 
nit^ lea§ spoee than a tress of unkempt hair, eren thoogfa tb»^ 
mnnber of hairs may be the same in both, so we mar suppose 
that in the fibroma the fine and finest fibrillar are very closely 
[rtcked, taking up an amazing amoimt of space when separated 
by our needles. 

Between the fibrillae, which are composed of a gelatigenotu 
tnatecial, and represent a fibroos intercellular substance, we can 
see the ceDs (fig. 51&). These are asnally small, roundly-oval, 
mil finniahed with lustrous nuclei. In fig. 51a, I have figured 
these elements under a high power, mainly because MrrJi^ie 
fass been led, by their great resemblance to (he fibrc-oells of 
imstriped moscle, to sot up a " fibro-mnscular tumour " as a 
qwcial variety of fibroma. I do not wish for a moment to ques- 
tion this resemblance ; it would be very ditEcnlt to draw a hard 
and fast line between spindle-oells and unstriped muscular fibres 
so Car as their minute structure is concerned ; meanwhile I think 
it desirable to begin by comparing sarcoma with inflammatory 
proliferation, the spindle-ceUs of the tumour witli those of tlie 
cicatrix. This (urmshes us with a practicable basis for under- 
standing all the stmctnral elements which arc met with in the 
fibroid. 

It is only the cliicf constituents of the tumour that Lave been 
Utberto described ; besides these we find : Ist, bands of spindle- 
I cells which traverse tlie tumour in all directions ; 2nd, 

inded deposits of embrionic tissue which lie embedded liero 

1 there in the continuity of the fibrous bundles. I regard 
of the above as transitional structures from which the 
S tissue is dev-eloped in just the same way as the cicatrix is 

eloped from the embrionic and spindle-cell tissues. In a 
llgle ntems, I found a number of fibromata, the larger ones 
jsting mainly of fibrous tissue, while the smaller ones were 
it entirely made up of spiudle-ceU tissue. 

The appearance of the tumours on section deserves especial 
notice; The tortuous and interlacing bundles of fibres give it a 

■t peculiar aspect. Microscopic examination (fig. 51) analyses 
the naked-eye appearances into their details, without shedding 
any light on the cause of this arrangemenL In some cases, the 

11 
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coucentration of tlie morbid growth around the vessels and nerves 
of a part appears to exert some influence on its internal arrange- 
ment For instance^ BUlroih has described a fibroid tumour of 
the eyelids (which he after^vards sent to me for examination)^ 
consisting of a number of sausage-like cylinders, in whose axes 
the remains of minute nerve-trunks were distinctly traceable. 
Treading in his footsteps, Czemy hto recently separated a group 
of sarcomata, under the name of " plexiform tumours," adding 
the announcement that the branches of the vessels might occa- 
sionally serve as well as those of the nerves to determine the 
singular com}X)sition of the growtL The most striking case 
however, is when all the vessels of a primarily myxomatous 
tumour are surrounded by comparatively thick sheaths, which 
consist tliroughout of round-cells. In die ordinary variety of 
fibroma, the course of the vessels does not seem in any way 
related to that of tlie fibrous bundles. It appears to me £u- more 
likely that as the fibroma (which is an exquisite example of 
the central mode of growtli) increases in size, the newly- 
formed products are intei*calated between the existing fibrous 
bands, which are thereby dissociated ; and that the incompletely 
laminated structure of the growth is thus accounted for by a 
repeated process of interstitial dissociation, and not by concen- 
tric addition of the newly-formed products. 

Fibromata are justly counted among the most benign of all 
morbid gix)wths. We shall find hereafter that the uterus is their 
favourite scat ; and we shall then become acquainted with a series 
of interesting modifications of the structural type which has 
been just described. 

§ 121). VIIL — The cacemoua tumour. The tissue of the 
corpora cavernosa penis, with whose structure the reader is sup- 
posed to be familiar, is the ph}^iological prototype of the caver- 
nous tumour. We find the same network of white, glistening 
trabeculum of connective tissue, in whose wide meshes (wide 
enough to be seen by the unaided eye) the blood is contained as 
in a sponge (fig. 52) ; we find the same elasticity of the trabe- 
cular network, which allows of periodical variations in the amount 
of the contained blood, causing alternate swelling and subsidence 
of the growth ; finally, I have convinced mjrself by a series of 
observationft specially directed to this point, that the mode of 
crigin of tlio spongy or erectile tissue is the same in both 
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I call the way in which the cavernous tumour ia produced, a 
" ca%'emoiis metamorpliosia." For I liavo arrived at the conclu- 
eion, which might have boon anticipatod « prum, that every vascular 
tissue is susceptible of undergoing conversion into erectile tissue. 
So far, therefore, tho cavernous metamorphosis may be regarded 
as a secondary phenomenon ; on the other hand, the intermediate 
tissue-changes are so decidedly characteristic of morbid growtli 
I that I cannot hesitate for a moment to place cavernous formations 
mong the histiDid tumours. Inasmuch moreover, as the process 
I question involves exactly the same tjssue-changes as those 
which anderlie the development of fibromata, and as the caver- 
lous tumour, when freed from its contained blood, presents all 
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e characters of a fibroid growtli, 1 ha^o chosen to deal with it 
e ratlior than elsewhere. 
\ 130. It is difficult to get an insight into the mechanism of 
I cavernous tumour. When any sjmco contains a network or 
syBtem of trabccuhe, that jiortion of tlio space which is not 
actually oeeupied by the trabecula: tlienisclvos, must necessarily 
fonn another network or traliecular system. If we distinguish 
] a network and a parenchyma which occupies its meshes, 
ich of these constituents must stand in the relation of a paren- 
Biyma to its fellow. The transverse section of any trabecula of 

of the networks roust bo identical with tlie circumference of 

1 islet of parenchyma as regards tlie other network, and vke 
Fibres which in one of the two networks surround the 



164 CAYEKNOUS TUMOURS. 

trabectilse at right angles to their length, would, if they con- 
tracted, diminish the islets of the parenchyma of the other net- 
work, whose trabeculse would in their turn become shorter and 
thicker. Fibres which correspond in their direction to the long 
axis of the trabeculsc of one of the two networks, wotdd, if they 
contracted, increase the size of the islets of the parenchyma of 
tho other network and render its trabeculaB thinner. 

We may also suppose the entire mass of a trabecular network 
partitioned out into trabecular substance proper and tetrahedral 
or cubical nodal pieces (connecting pieces, Yerbindungsstucke), 
common to three or four contiguous trabecular. Supposing the 
joint volume of the two networks to remain constant, and the 
trabeculse of one network to become longer and thinner, this 
would necessarily entail on the one hand a diminution in the 
size of their own nodal pieces, on the other a shortening and 
thickening of the second network whose nodal pieces would 
simultaneously increase in size. 

When once we have thoroughly grasped these rather difficult 
stereometric conceptions, we get at a very natural theory of the 
mechanism of cavernous metamorphosis. True, it is far from 
easy to conceive of a parenchjona traversed by an ordinary 
vascular network as being made up of a system of rounded 
trabeculaa enclosing meshes between them. This is made easier 

Fig. 53. ^7 imagining several vessels seen in transverse 

^^ section (fig. 53a) ; the dotted curves (which may 

^.^^^^ ^^tT ^^ ^® same time be supposed to represent the 

^k — ^^ 1 \ lines of contact of the capillaiy arches between a 

\ ""n^ \ I and a) would then indicate the transverse sections 

"">-^gL ofthetrabeculse of parenchyma. The vascular net- 

^^ work would thus be made up of long trabecular and 

small nodal pieces, the parenchymatous network of very thick 

but extremely short trabecular and nodal pieces of colossal size. 

Now the cavernous metamorphosis is brought about as 
follows : in a circumscribed part of an organ, embryonic tissue 
is converted into spindle-cell tissue and fibroid connective tissue 
along the course of the vessels ; this is followed by contraction 
taking place at right angles to the axis of the parenchymatous 
trabeculae, in the direction therefore of the dotted curves (fig. 
58), oanaing ebngation of the trabecular, diminotian in the 
•lie of their nodal pieces, and, as a neceesary conseqiieiic^ 
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ilatation of the blood-cliaimels ; i.e. a sliortoning of the trabc- 
and an enlargement of the nodal points of that network 
1 is constituted by the blood. 

131. Fig. 54 may serve to elucidate the above remarks; it 
'represents Uic development of a cavernous tumour from adiposo 
tissue. AVe see three clusters of fat-cells irhieh correspond to as 
many stages of the cavernous metamorphosis. TIic least altered 
cluster exhibits the well-kno^-n capillary network, which is made 
apparent, in the present instance, not by injection, but by tlio 
walls of the vessels being coated witli numberless round eonnec- 
tivc-tiasuo corpuscles. It is higlily probable that tJiese cells are 
eolourless corpuscles which have migrated from the blood ; tliis 
part of tlie pi-ocess might tlien be regarded as a very insidious 
inflammatory change limited to the immediate neighbourhood of 
the vessels. In the adjoining cluster tlie process is so far 
advanced that only scattered fat-cells are still intact, all else 
liaving been transformed into embryonic tissue. This is begin- 
■iiing to undergo conversion into fibrous connective tissue along 
the coiu-se of the vessels, which gape widely, especially at tlieir 
nodal points. 

The third cluster shows the erectile tissue in its maturity ; 
(cf. fig. 52) ; what was tlie parenchyma is now a system of 
trabecula', towards which the blood-containing spaces stand in 
the same quantitative ratio as that in wliich the i)arencbyma 
stood towards the vascular network in tlie least-altered cluster. 

Tlius we see tliat tlic cavernous growth originates in a fibroid 

degeneration of the capillary portion of the blood-patli ; it is a 

mistake therefore to derive it from an ectasy of tlie veins or 

arteries. Tliis must not be taken to mean that the lai'gcr 

afferent and efferent vessels of the area undergoing degeneration 

remain unaltered. The arteries of tho cavemons tumour more 

especially show an enormous thickening of their walls, a tortuous 

course, and a cajiacity for dilatation such as no healthy vessels. 

Bare the helicine arteries, ever exhibit. The annexed figure 

lewise informs us concerning tlieif relation to the blood-spaces 

the erectile tissue. Tlioy commmiicate with tliese spaces by 

many apertures as there formerly were communications 

itween tlie arterioles and the capillary network. Tlio amount 

blood in the ereclale structure depends immediately on the 

which the arteries are contracted. In fig. 54, besides 
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tbe three degenerated clostera of &t-ceUs, ve see an arteir of 
larger calibre in transverBe section, llie veesel is firmly con- 
tracted ; the intima, much thickened, is thrown into filar longi- 
tudinal folds ; the lumen is a mere slit ; we can readily perceive 
how a ferther contraction of the ciircolar fibres wonld inevitably 
lead to its obliteration. I can assore the readra-, that the very 
same ai-tery, when fnlly dihited, would take np about twelve- 
times as much space as it now occupies. 




The deTelopment of a carenicnia tamoiir in adipoee tiflsne. 
Three clnsters of fid-cdls, represeDting the varions phaaea 
in the derEdopment of tbe tnmDnr; a divided artery is seen 
in the right upper comer. From the pannieviva adipotui 
of the cheek, fin- 

Cavernous tumours originate by preference in the adipose 
layers of the organism. On one occasion I fomid cavernous 
metamorphosis going on in the interior of a b'poma. It may 
occur, as has been already said, in any organ of the body which 
possesses blood-vessels ; in any organ therefiire except cartilage, 
the cornea, and the \-itrcom hamonr. It is not unfrequently 
mnltiplc. Cases are cm record of a cavemons tumour of the 
skin having been aesociatcd with similar growths in the muscles 
and bones. 
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Cavernous tumours are occasion all j- malignniit ; but their 
malignity osually dependa on a manifest comjilication with 
melanotic -sarcoma, whose nodular foci are developed in tlio tra- 
beculiB of the cavernous tumour. 

§ 132. Cavernous metamorphosis of fibrous sarcoma itfelf is 

peculiarly interesting. Sillrotk was tlio first to speak of a " ca- 

_ vemons fibroid." I have already remarked, wlien speaking of 

e spindle-cell variety of sarcoma, that its vessels had as good 

) proper walls, and therefore remained gaping on its cut 

ce. The same is true of the fibromata. Fibromata with 

Eceptionally wide and gaping vessels may even appear quite 

Billroth found that nnso-pharjiigeal polypi, whoso 

FlQ. 55. 




'm^' 



Carernoua fibro d aflor P U II (N'aso-pliarjiiRea] 

poljpus.) 

ia peripheric, are especially prone to exhibit a cavernous 
and I can assert, from independent observation, that 
the cavernous tissue in such eases originates in precisely 
the same way as that which I have jnst described. Fig. io 
represents a vertical section through the cireumfcronco of a 
cavernous fibroid. Externally, we have a very vascular embry- 
oiiio tissue; internally, tlie feimiUar trabecula: of the cavemoua 
tissue ; while between the two are seen the transitional phases. 
I have placed cavernous tumours under fibromata on account of 
the identity of the histological processes which underlie the 
' n-elopment of both ; ahould any one doubt the adequacy of 



168 LIPOMATA. 

my reason^ he may find an additional motive for conforming to 
my view in this second bond of union between the two forms. 

b. LipotJiata or Fatty Tumours, 

§ 133. Not only is the lipoma or fatty tumour principally 
made up of the characteristic elements of adipose tissue, the 
fat-'CellSy but it also agrees in stnicture with the normal fat of 
the human body by the union of these fat-cells into little 
spheroidal clusters which are parted from one another by septa 
of connective tissue. A stouter coat of connective tissue com- 
bines several such clusters into a lobule, also of globular sha})e ; 
and it is of such lobules that most fatty tumours appear to the 
naked eye to be made up. The panniculus adiposus also exhibits 
a lobulated structure, but its lobules (the fflandulcs adiposce) never 
reach the considerable dimensions which are commonly attained 
by the single lobules and tubera of a fatty tumour. The indi- 
vidual fat-cells of a lipoma differ in like manner from ordinary 
fat-cells. Tliey are considerably bigger, t.^. more distended with 
oily matter, which in its turn is more fluid, and contains more 
clain than usual. 

All the lipomata are perfect examples of central growth. 
Their enlargement, as well as their origin, depend in the last re- 
sort upon an abnormal production of new clusters of fat-cells ; this 
is brought about by a moderate and sharply-defined proliferation 
of the connective tissue, leading to the formation of a circum- 
scribed corpuscular aggregate, followed by an infiltration of the 
newly-formed cells with oily matter. It would seem however, 
that the formative stimulus is most intense amid a collection of 
pre-existing clusters ; while it is certain that the vessels of the 
new clusters originate fi^m the vessels of the older ones in the 
same way as do the vessels of papillomata. This explains why 
a lipoma is usually connected with neighbouring parts at one 
point only by a stout vascular pedicle, and has the r^t of its 
external sur&ce limited by a large-meshed connective tissue, 
or even by a smooth capsule ; this explains its peculiar, lobulated 
build — ^in a word, the central growth of tlie tumour. 

Lipomata occur by preference in those localities which are 
normdly infiltrated with fat, such as the subcutaneous, sub- 
muooiUi Bubqmoviali subserous, subfascial, intermuscular, and 
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intraorbital connective tissue. From this point of view the 
I lipomata may be regarded as overgrowths of the normal layers 

of fat, ejjcrencentus membrana adiposte (Morgagni) ; and if we 
chooBe to regard these layers as a connected system of adipose 
tissue, and not as a certain quantity of connective tissue infil- 
trated with fatty matter, we may claim for lipomata, togotlier 
with polysarcia, the quality of hj-perplastie tumours. For my 
own part, I look upon polysarcia as a fatty infiltration of pre- 
existing connective tissue, and on lipoma as a fatty infiltration of 
I a growth of iudepeudent origin and development. 
r § 134. The lipomata, like the papllloraata, at first increase 
Bowly, their growth proceeding in an accelerating ratio. They 
juy attain a very considerable size. Tumours as large as a 
bm's head and larger, are by no means rare. Moreover tlielr 
pentral mo<ie of growth involves their speedy emergence from 
po surrounding soft parts, and their protrusion towards the 
■Barest free surface ; tliey push tlio skin before tliem, and finally 
Iroject above the surface as tuberous or polypoid excrescences. 
1 The greater tlie size of a lipoma, the greater the probability 
that iarthcr metamorphoses have taken place in its interior. We 
uot unfirequently find a chronic inflammatory overgrowth and 
fibroid transformation of the interstitial connective tissue. In 
consequcnre of this tlic clusters of fat-cells perish en jiwmsc, tlio 
remaining lobules being separated by broad bands of fibroid 
tissue (Fibroid Lipoma, Sieatoina MulWi). Retrograde changes 
are more coramoiJy met with. CaJdficatmi of the fibrous 
matrix of the clusters stands foremost among these. It results 
n the formation of a spongy calcareous framework with excccd- 
Igly fine meshes, which permeates the entire tumour, or large 
8 of it, making it verj' hard and heavy. Yet more remark- 
I is the mucous transformation of tlie tisanes of a lipoma, 
d the consequent possibility of a fatty tumour being converted 
bto a myxoma. In persons who are much emaciated, who liave 
n exhausted by lingering disease, we often find tlie adipo.se 
me about the heart deprived of its fat, and in a peculiarly 
rollen and o»lematous state, which, on minuter examination, 
»ves to be duo to mucous infiltration. Precisely the samo 
phenomenon is met with in lipomata, and especially in the larger, 
pednnculatod li|>omata of the skin. The tumour acquires a 
tnnsfiarent and colourleas aspect; it becomes tremulous and 
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jelly-like; the fluid which oozes firom its cot surface contains 
mucin ; so that we are compelled t« acknowledge the myxomatous 
character of the growth, and to call it (should the entire tumour 
have imdergone this degenerative change) no longer a lipoma, 
but a myxoma. 

Lipomata, in common with fibromata, axe very justly regarded 
as decidedly benign. A lipoma, once thoroughly extiipated, 
never recurs ; metastases to neighbouring lymphatic glands or 
to internal organs have never been observed. 

c Enchondrcmata or Cartilage Tumours. 

§ 135. The term enchondroma is applied to cartilage when it 
appears in the form of a tumour at some point in the body where 
no cartilage should normally exist The substance of an aichon- 
droma therefore presents tiie peculiar elastic hardness, and the 
milk-white colour, translucent in thin layers, which are char- 
acteristic of cartilage. As regards minute structure, normal 
histology, as everybody knows, distinguishes between several 
varieties of cartilage ; and particularly between hyaline cartUagey 
whose matrix is homogeneous, and Jibro-cartilaffey whose matrix 
is fibrous. Biit the cornea also yields chondrin on boiling, and 
its tissue may very well be regarded as a form of cartilage, whose 
ceU-containing cavities are stellate, with branching processes 
(cartilage with stellate celliy. 

All these textures may coexist in an enchondroma, yet 
hyaline cartilage as a rule predominates. One of the most 
characteristic and most firequent combinations is that of small 
rounded islets of hyaline cartilage passing at their periphery into 
fibro-cartilage or corneal tissue. The hyaline cartilage forming 
the nucleus of each islet difiers in no respect firom the well- 
known physiological type. The cells are either single, or arranged 
in pairs or groups, showing how the limits of each primary 
element have been extended by subsequent endogenous proli- 
feration. The capsules are not always distinct; their entire 
absence is a sign that the matrix is beginning to sofi^en. The 
protoplasm of the cells is of variable form. It is usually stellate, 
and contains a nucleus ; t^is form may either be due to shrinking 
of the cells under tlie influence of reagents, or to the spontaneous 
contractility of the protoplasm; the latter explanatkm being 
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cially applicable when » eonvcrsion of tbo hyaline cartilage 
into mucous tissue is taking place. Under such circumataDces, 
tlie formation of processes coincides witli the disappearance of the 
capoles, and a mucous intumescence of tlie matrix. Virc/uw 
lias obser\-ed cells with processes of colossal length in an enchon- 
droma undergoing tlu's ciiange ( Virchow's Arcfiii; 28, p. 238). 
Towards the pcripherj" of tliese islets of cartilage, the cells 
decrease in size, tliey become flat and lenticular ; the matrix 
shows Gtruc, and is traversed by fibres of variable Uiickness, 
which resemble elastic fibres and are remarkable for tlieir stiff- 
ness {filrrO'CarlUage). Or else the cells may become spindle- 
sh&ped and st^ate, they may anastomose with one another, nnd 
be obviously situated in a lacunar system provided with uodall 
points, while the intercellular substance retains it& homogeneous 
and transparent quality {cartilage icitJi stellate cells, corneal tissue). 
Neighbouring islets of cartilage are in contact by these outer- 
most zones of fibro-cartilagc or cartilage with st«Uate cells, and 
are thereby united into groups, forming nodules or lobules as 
large as a pea, of whicli tlio cntiro tumour appears to the naked 
eye to bo made np. 

§ 13i>. Tlie above sketcli of the microscopical appearances 
shows that oncliondromata are also endowed with a lohulated 
structure ; but tlicir lobulation differs very essentially from that 
of a lipoma, or even from that of a papilloma. Tlio lobules of an 
enchondroma are co-ordinate with one another ; they have grown 
up side by side ; it is only this topographical Juxtaposition of the 
lobules, and not any higher unity, such as a common vascular 
apparatus, or a growth hy development ab intra, which imites 
them into a single whole. Although it is noteworthy, as seeming 
to point to an organic type of structure, that the individual 
lobules of which an enchondroma is made up, never exceed a 
certain size, yet this is explained by tlio simple fact, that cartilage- 
generally — oven in tlio normal course of development — is not 
deposited in continuous masses of largo size, and — to use a tolco- 
logical form of expression — ouff/it not to be so deposited. Cartilage 
being a non-vascnlur tissue, is nourisliofl by the transmission of 
trient fluid from cell to cell. At a certain distance fi^im the 
which carry the blood, tliia mode of nutrition becomes 
ssiblo ; and unless some new arrangement be provided for 
b supply of the central ports, disturbances of nutrition iu those> 
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parts must inevitably follow any farther growth. In the deve- 
lopment of the osseous system from cartilage we accordingly 
find a singular arrangement When a cartikginous epiphysis 
has reached a certain bulk, medullary spaces containing blood- 
vessels appear exactly in its centre ; and this gives the necessary 
impulse for the development of true bone, which accordingly 
begins at this very point (epiphysal nucleus). The formation of 
vessels and of true bone has also been observed in enchondromata. 
It is the rule nevertheless, that the individual portions of cartilage 
should never reach a size so great as to interfere with their being 
conveniently nourished fix)m their circumference. 

§ 137. This implies of course that the connective tissue 
which combines the lobules of the enchondroma into a tumour 
(the stroma) contains an adequate number of vessels, and that 
a sufficient quantity of blood passes through those vessels. This 
is the case in tumours of relatively small size, and at the circum- 
ference of tlie larger ones as well. But it is not the case in the 
interior of the latter. On the contrary, the vessels appear to 
be compressed and obliterated by the pressure of the growing 
tumour. In every enchondroma of considerable size — and some 
have been met with weighing five pounds — we may accordingly 
assume that a more or less complete obliteration of the vessels in 
its interior has taken place, giving rise to subsequent metamor- 
phoses of its substance. 

We nearly always find calefied patches in an enchondroma. 
The cartilage then exhibits the infiltration which has been 
described at length in § 49. This starts now from the matrix, 
now from the cells and capsules. The results are always the 
same to the naked eye; the colour of the infiltrated parts 
becomes dark-yellow and opaque, their consistency granular and 
finable. It has already been mentioned that this calcification 
may occasionally l)e followed by a true ossification, as in the 
normal development of bone. Reference has also been made to 
the conversion of the cartilage into mucous tissue. This should 
be regarded less as a degenerative process, than as a change of 
type, as a conversion of one tissue into another tissue of equiva- 
lent qualify, which may result in the partial or complete trans- 
formation of an enchondroma into a myxoma. It is fiEur other- 
wise with that floflening of an enchondroma which begins with a 
fidty metamorphosis of the cartilage-cells, their oonverrion into 
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granule- cells, &c., those changes being farther complicated by a 
mucoid softening and solution of the matrix ; the final result of 
tho process being the formation of ctivities, fluctuating points — in 
a word, of " cysts due to softening " — in the interior of the 
onchondroma, which arc filled with a jelly-like viscid fluid con- 
taining a very large proportion of mucin. This cyaloid dtgenera- 
tion of onchondi'omata {enchondroma eysticum) ought certainly to 
be regarded as a consequence of impaired nutrition. 

§ 138. Unfortunately however, this is not the last of the 
anatomical modifications of enchondroma. The complication of 
enchondroma witli alveolar sarcoma (vulgarly called cancer on 
account of its alveolar structure) has yet to be considered. It is 
to this complication that enchondroma offes a certain reputation 
for malignity, a reputation which the growth per se does not 
deserve. Cases arc on record of medullary tumours appearing 
at the scat of operation and in other regions of the body after 
the removal of enchondromata ; such cases all refer to this com- 
bination of encliondroma with soft sarcoma. In such cases too, 
the superadded element of malignity can usually bo recognised 
even in the primary tumour. Medullary nodules of variable size 
arc met with along the vessels in the stroma of tlie cartilaginous 
tumour. Still, it is an established fact that pure enchon- 
dromata are also liable to recur ; a. gradual extension of tlie 
growth along the lymphatics, metastases to the nearest lymphatic 
glands, nay, evcu to internal organs, have more than once been 
observed. Among internal viscera the lung is the favourite 
localify for secondan,- deposits of an enehondromatous nature. 
It must be remembered, however, that these secondary deposits 
are excessively rare, and always of extremely small size, even 
when tlie dimensions of the primary tumour were colossal. 

S 139. From a quarter to four-fiftlis of all enchondromata 
occur in tlie osseous aystem, and more particularly in tlio 
diaphyses of the long (tubular) bones. We shall hereafter 
become acquainted with the great variety exhibited by enehon- 
dromatous tumours of bone, both in tlie manner of their first 
appearance, and in their subsequent development ; liere I will 
only allude to a single variety, the osUoid-chondronia of Virchow, 
iDsamucli as it familiarises ns with an essentially aberrant form 
of cartilage as its main constituent. lu reckoning up the various 
kindft of cartilage, one tissue is usually omitted, which neverthe- 
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less possesses the most substantial claim on our notice on the 
ground of its morphological constitution. I allude to that 
peculiar sort of connective substance (Bindesubstanz) which is 
•called true bone after it has been impregnated with calcareous 
salts, but which, before this impregnation, consists of a highly- 
refracting, dense and homogeneous matrix, in which the future 
bone-lacunsB still exhibit more of a rounded or rather periiaps of a 
polygonal form, with very short processes. The trabeculse of an 
•osteophyte {see Diseases of Bone) are composed of this tissue ; in 
thin layers, it lines the medullary spaces of such bones as are 
•passing from the spongy to the compact state. It plays a great 
part in the repair of fractures by forming the main bulk of what 
is known as ^^ callus." Its truly cartilaginous properties are 
liowever especially manifest when, as in the osteoid-chondro- 
mata, it forms tumours, often of colossal size. 

§ 140. Osteoid cartilage may also originate independently of 
the bones ; in a compound tumour from the back, Virclww found 
portions of well-marked osteoid cartilage side by side with 
myxomatous and lipomatous elements; but as a general rule 
such tumours spring from bone. Their growth begins between 
the periosteum and the surface of the bone, but they sub- 
sequently penetrate through both the periosteum and the 
•compact cortex. They usually present themselves as fusi- 
form or pear-shaped swellings of one of the extremities of a 
long (tubular) bone. They have been most oflen met with in 
the humerus and femur. Retrograde metamorphoses are less 
<;ommon in these than in any other of the heteroplastic tumours 
which we have hitherto considered. This immunity is connected 
with the very complete and uniformly efficient vascularisation of 
eycry part of the tumour, an advantage which the osteoid- 
chondroma enjoys in common with osteophjrtes and callus. The 
cartilaginous trabeculo) of the osteoid substance form a delicate 
framework, in whose meshes even the finest capillaries are tree 
from all risk of being squeezed by the growing tissue. One 
metamorphosis only, and one whidi might be anticipated a jmort, 
is met with in nearly every osteoid-chondroma ; I mean a transi- 
tion of its proper tissue into that of true bone. Hence it is that 
an osteoid-chondroma creaks under the knife, and that we are 
sometimes obliged to have recourse to the saw in order to divide 
it The ossified portions are known at onoe on tiie eat snrfiMe 
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their groat firmness and density ; should the entire tumour 
DBTB been converted into bone, the usteoid-chondroma is said to 
have beconio an osteoma. 

As regards its innocence or malignity, we cannot venture to 
pronounce any decided judgment, owing to the small number of 
cases wliich have been liitlierto recorded. The dements of pro- 
gnosis laid down for enchondromata may Ijo held (at least pro- 
vifiionaliy) to bo applicable to this variety likewise. 



BP«i' 



d. Myioniata or Mucous Tumours. 

§ 141. A summary of all tliat Las been said in tho sections 
!ng of mucous tissue shows us that, although it is to bo 
regarded as a thoroughly independent and vitally active member 
of the connective series, it nevertheless originates, in tlie vast 
inajority of cases, by a seeondarj' metamorphosis of other con- 
nective substances (g 42) enteiing into the formation of tumours. 
We have become acquainted with a myxomatous variety of sar- 
coma, lipoma, and enehondroma respectively, understanding 
thereby tumours, circumscribed patches of whose proper sub- 
stance had undergone conversion into mucous tissue. It must 
be admitted that this order of sequence is an inference from tlio 
coexistence of these modiiications ; but the possibility of a my.\o- 
matous metamorphosis of cartilage, adijiose tissue, and areolar 
connective tissue, has been established by observations so nnnie- 
rons and well authenticated, that we are quite justified in assuming 
the sequence to have Ijeon sacli as we have stated, and not of an 
inverse order ; moreover, wo have good grounds for prcfen'ing 
»nch a conclusion (at least in the majority of instances) to tbe 
hypothesis of a simultaneous development of compound types of 
tissue. Bearing this well in mind, it seems at least prudent to 
restrict the term "mucous tumour" to such growths only as arc 
exclusively made up of mucous tissue. Such tumours indeed 
are not common ; they are common enough however to warrant 
OS in maintaining tlie group of m>/xumala as originally consti- 
tuted by Virchme. 

} 142. The definition of mucous tissue implies tbe existence 
only of a basis-substance containing mucus, or of one which has 
undergone mucous softening ; it involves no theory concerning 
tiie form and character of the cells ; it allows us therefore to sot 
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up a oerUin number of histological subspecies of the myxonia. 
The optical and physical properties of mTioin are (S 39) best dis- 
played when the number of cells, whether round or stellate, is 
small in proportion to the amount of intercellular sobstance. 
Accordingly the hyaline myxoma (fig. 56) is the most charac- 
terisUo form of the entire group ; It is colourless, tmnsluoent, 
like R tremulous jelly. Should the cells predominate, either in 
tlie entire tumour or in single portions of it, we get a whitish, 
marrowy condition — the medullary myxoma. Fatty infiltration 
of the celb leads to the formation of a lipomaious myxoma (m. 
lipomatodes). 




Hjaline tn^oma of the snbcntaneonB connectiTc tissue near 
the Bugle of the jaw. jjif. 

§ 143. The myxoma, like the lipoma, has a lobulated struc- 
ture ; it is made up of separate parts of Yariable size, which are 
separated from one ano^er by partitions of connectiTe tissue. 
Little ie known at present concerning the arrangement of its 
blood-vessels ; injections of a hyaline myxoma of the cheek 
(as large as a dosed fist) made by myself, lead me to suspect 
that myzomata are but sparingly provided with capillaries, that 
their vessels are mainly of largif^ calibre, and run in the thicker 
septa. 

M^'xomata form nodular swellings which increase rapidly in 
size ; owing to this circumstance, as well as to the great softness 
of their tissue, they are often mistaken for soft cancer. They 
resemble lipomata in making for the surface by the shortest or 
easiest route ; here they form nodulated or ftmgoos projections, 
and mxj even beoome pendulous or polypoid. 

Hw sobostuieoas areolar tissue of the thigh and back, and 
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! external genitals in tlie female; the intermuBcuIar eoii- 

neotive tissue of the neck and face, are the favourite seats of 
myxoma ; next to these, it is most frequently met with in the 
bones and nervous system. In the nervous systfim faecordiiig 
to Vircfioie) it is of^n multiple, myxomatous nodules being 
formed at several points at once in the connective tissue of the 
pennenrium. As reganls prognosis, myxomata, if we siiccoed 
in duly eliminating the myxomatous variety of sarcoma, may he 
classed among benign tumoiu'a. They do not recur after radical 
extirpation. 

e. Osteomala oi- Boni/ Tumours. 

C S 144. Bony tumours in aoine ros^iectd resemble my.\omata. 
Bone, though a living constituent of the body, and even suscep- 
tible of undergoing metamorphosis, resembles mucous tissue in 
being a "tenninal" tissue, i.e. it usually winds up a series of 
other metamorphoses. Tlie stromata of caneere may undergo 
ossification. Liicke bas actually recorded a case of epithelial 
cancer with a bony stroma ; we are acquainted with an ossifying 
wircmma ; enchondromata and osteoid-chondromata may be con- 
verted into bone ; even tho septa of connective tissue between 
the lobules of a lipoma may become ossified ; wo are therefore 
obliged to repeat what was said in defining a mv-xoma, limituig 
the term osteoma to such tumours only as consist tliroughout and 
in all their parts of bone-tissue. If we distinguish with Vir- 
ckow between a hyperplastic and a heteroplastic form of osteoma. 
we shall have to include imder this head whatever tumour-like 

Irowths of tho bones we may come across. Heteroplastic 
nata are undoubtedly very rare. , 
f. Mi/oiiiata. 
nder this name we include all tumours which a^ 
y composed of true muscular fibre. According as tlie 
jlor fibres belong to tho smooth or the striped variety, 

we follow Zenker in distinguishing between leiomyomata and 
rlinbdowifomata. I have found however, that it is just in tho 
ease of tumours that transitional forms between smooth and 
striped muscular fibre are to be met with. A large myoma 
II of the retroperitoneal adipose tissue which I had an oppor- 
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timity of eacaminingy was made up of tranayeneljr striated 
apindle-shapad eelb ; so too, a myoma of the Taginid mneous 
membrane^ whioh showed an obstinate tendency to recur. Pore 
leiomyomatay when they occur in the bowel, the nrmaxy bladder, 
Ao., exhibit diron^ont the stmctore of nrascolar mendMnmes. 
I assert boldly that no one who has once investigated a tmnonr 
at tins kind is ever likely to confimnd simple spindle-odls with 
mosealar fibre-cells. The remaricable uniformity in mze and 
s^pearance of aU ike cells and nuclei, ^labling iliem to mile 
closely into fibrous bands of very elegant texture, has scnnediing 
extremely distinctive about it The naked-eye appearances, the 
interlacement of the fibrous bands, unquestionably remind one of 
the fibromata ; but I have never been able to recogmse the ezist- 
aace of a fibro-muscolar tamour in Virchow^B sense of the wonL 
In a myoma of the testide, I fonnd groups of ganglion-celk, and 
stromarfibres. (Si^ Testide.) 

g. Keuromatcu 

§ 145. The term nemx>ma is used to denote any histioid 
tumour which may happen to be intercalated in the course of a 
nerve-trunk ; it is employed with especial fi^nency to denote 
fibromata and myxomata; hence we must distinguish ^tn Ivmiatt 
between /oZsg neuromata, such as these, and the true neuromata, 
which consist chiefly of newly-formed nerve-fibres and ganglion- 
cdls. A tumour of this sort, as large as a hen's egg, situated 
in tiie retiring an^e betvreen the ribs and the anterior cireom- 
ference of the vertebi'al column, has recently been observed 
{Schmidty Frankfurt-am-Main). It merits especial notice, inas- 
much as it seems to be the first recorded example of a true neu- 
roma not of hyperplastic origin. True, its situation does not 
absolutely exclude all possibilitj'- of its having originated by over- 
growth of a sympathetic ganglion ; should this be its true 
character, it would come under the same category as those eir- 
cnmsoribed overgrowths of the greater cerebral ganglia (thala- 
mus optietts, corpus striatum) which have been more oflen met 
with, as well as tliose fusiform enlargements of the per ip heric 
nepve-trunka, eonmsting of nerve-fibres, which Virduw has de- 
scribed under the name of true neuromata. 
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h. Compound Htstioid Tumoiirt. 

I 14ff, In all the bistioid tumours which we hare httherlo 
<>xfliiuDed, a single tissue could, with more or less of oertainty, 
br viewed as the dominant constituent, tlms enabling us to decide 
on the character of the gro^vth, and to give it an appropriate 
name. There can be no doubt however that compound tumour* 
L «adst as well. Wlien distinctly cartilaginous elements are found 
HjmoeiKted with Uponiatona ones, when sarcomatouB nodules 
• are found (se* above) scattered tlirough an euchondroma, we aie 
(nizzled whether to call those things euchondroma lipomatodes 
or lipoma cartilagineum — sarcoma cartilaginoum or chondroma 
sarcomatosum. This perplexity recurs when wc come to inquire 
into tlie clinical character, prognosis, &c., of such tumours. As 
i*egards the latter question, wo are justilieJ in laying down the 
ftJIowing propositions ou the basis of several reliable observa- 
tions ; Ist, that the prognosis of compound tnrooura is less 
favoui'able than that of tho soveial species of which they are 
made up ; 2nd, that tlie presence of sarcomatons constituents 
render* a compound tiimour at once equivalent to a sarcoma. A 
componnd tumour of this sort usually shows its true colours by 
recurring as a sarcoma after its Brst extirpation. (For the com- 
bination of liistioid growths with carcinoma, see under the head 
of Carcinoma Sarcomatosum.) 

H^ Morbid Growths due to Absormalitiks of Epithelial 

B T>ETKI/)PMBNT, WHETHER ISVOI.VINO THE COSJOIKt' BLOOII- 
■ VASCULAR AND CoKNECTrVE-TISSUK SYSTEM OE NOT. 

§ 147. The present section will be mainly devoted to the 
«nunciatioD of some general views concerning the essential 
□ittare, the mode of origin, and the aflfinittes, of the so-called 
" ci»r«inomata,"' By carcinoma we understand a morbid growtli 
■which exerts a destructive action upon the organs of the body, 
" " Ij usnally recurs after extirpation and gives rise to secondar;' 
_ sits, and which is therefore of a malignant nature. These 
opertios indeed, as wc have seen already, are likewise exhibited 
by certain histioid tumours, and it would be exceedingly desir- 
able to have some definite anatomical criterion, by which we 
gbt recognise carcinoma as such, and distinguish it from other 
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destmotive and malignant growths. Now it has been, and still 
is usual, to regard a certain morphological peculiarity, what is 
known as the alveolar type of structure, as essential to the recog- 
nition of ^^ cancer." lliis means no more than that we look for 
the essence of cancerous degeneration in the development of cir- 
cumscribed deposits of cells, which burrow their way in certain 
directions, and necessarily convert the residual parenchyma of 
the organ which is undergoing destruction into a trabecular 
framework or stroma, the form and size of whose meshes 
(alveoli) are regulated by those of the cellular aggregates which 
they include. It is obvious that this plan of structure is pecu- 
liarly adapted for the accommodation of large multitudes of tree 
cdh ; and such an adaptation we must regard (in conformitj- 
with what was said in § 121) as the most powerful cause both of 
the local growth of a tumour and of the infection of the entire 
organism. This justifies the seemingly arbitrary selection of the 
alveolar type of structure as the anatomical mark of cancer ; but 
a new difficulty starts up when we come to reflect that the term 
^^ carcinoma '' will also have to include the alveolar sarcomata ; 
tumours, in whose '' int^rpenetration with ceUular aggregates '* 
we preferred to see an analogy with the suppuration of inflamed 
tissues. I accept this consequence as logically ine>'itable, and I 
therefore range myself on the side of those who regard " carci- 
noma " as a term essentially clinical, finding but an imperfect 
anatomical expression in that alveolar type of structure with 
which it is invariably associated. 

§ 148. The vast majority of carcinomata originate primarily 
cither fix>m the epithelium which covers the fi:'ee surfaces of the 
body, the skin and mucous membranes, or else from the secret- 
ing glands. They depend upon an abnormal growth of the 
epithelial tissue. We might go so far as to say that the process 
which underlies all these carcinomata is an ingrowth of the 
epithelium into the sub-epithelial stratum of connective tissue, 
whether of the skin or of a mucous membrane, or into the inter- 
stitial connective tissue of the glands. The manner in which 
this ingrowth takes place difiers widely in different cases. The 
general impression conveyed by carcinomatous destruction, e.^. 
the appearances presented by a vertical section under a low 
powefi seems to justify the assumption that it consists in a 
moxbid imitation of that histdogieal process which precedes the 
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nelopment of tlie ojioii glaiiJs. In both cases alike, we have 
aggregates of epithelial cells projecting in the form of tap- 
shaped processes or cords from the under surface of the opi- 
tholium, and boring their way between the fibrous bundles 
of the connective tissue. Phenomena of active fission are also 
seen to take place in the elementary constituents of these cellu- 
lar aggregates ; two leading featiu-es therefore are undeniably 
common to the morbid process and tlie normal development of 
glands. Nevertheless the view which makes the development of 
cancer consist in a lawless and in-egular counterfeit of the normal 
growth of glands {hitiradink of the French) is only legitimate 
within certain limits. After having devoted so much time and 
space in former chapters to the consideration of the normal 
growth of epithelium, it would bo uofortunatc indeed were we 
now to sacrifice the fruit of those considerations, by a premature 
attempt at systematisation. Indeed, as regards cancerous disease 
of open glands, special stress must be laid on tlie fact that every 
imaginable intermediate stage exists betivocn simple glandular 
hypertrophy and glandular cancer. Of l.ito yoai's, our know- 
ledge of these transitional fomifi has been much extended, and 
the term adenoma has been proposed for a tumour which Is 
neither simple hypertrophy nor yet cancer. Such at least is tlio 
most commonly received acceptation of the word ; some authors 
raising tlio denotation of the term in the scale, while others lower 
it, the former placing it nearer to hyprti-ophy, the latter to 
carcinoma ; and that any siicb .shifting should be possible afiords 
conclusive proof of the oiistenco of a graduated scale between 
the two extremes of simple hypertrophy and cancer. 

A general appreciation of those cancers which s-pring from 
the epidermis or tlio epithelial covering of mucous membranes is 
far more difiieult. Here too tlie hypei-plastic and carcinomatous 
conditions ai'c immistakcably correlated. It is matter of experi- 
ence, e.ij. that those circumscribod hypertrophies of tlic skin which 
wc call warts and papillomata, are capable of passing into epi- 
tltelial cancer. The transition, as regai'ds its piu^Iy anatomical 
features, takes place aa follows : — The hj-pcrtrophy of the papillai 
occasions a more or less considerable dislocation of the plane 
Along wliich the epithelium and the coiuiectlvc tissue are in 
contact. The steep aides of tlie overgrown or newly-formed 
pq>ills! bound deep fiasnre-llke depressions. Accordingly tha 
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epitSielial coat of the papiUao is at the same time the epi- 
thelial linisg of the interpapOIaay fissures ; and so long aa tihis 
condition is maintained in statu quo by an adequate shedding 
of the older epithelial cells, the growth preserves its hyperplastie 
cSmracfter. The longer the papillsB become, however, more 
especiall J if thej break np into dendritic vegetations, the greater 
must obvioasly be the impediment to the adequate remoral of 
the older cells. Die lateral pressure exerted bj the apices of the 
papiDas, whose temunal ramifications spread out widely, while 
they rest upon a very narrow base, shuts in the interpapillary 
fissures firom above and consequently determines a gradual and 
progressive accumulation of epithelial elements in their inteiior. 
In the deeper parts of the tumour, the epithelium soon ceases to 
be a mere lining ; it forms a solid mass wUch fills the inter- 
papillary fissures. In this capacity it now begins to burrow at 
various points into the underlying connective tissue. Elongated 
cylinders of epitlielial cells make their appearance ; at first, liiey 
simply project into the cutis ttom the under aurfiuse of the 
epidermis; subsequently penetrating more and more deeply 
into it Hie carcinomatous condition is thereby definitely estab- 
lished. It were indeed impossible to overlook the resemblance 
beitween these tap-shaped epithelial ingrowths, and those which 
take part in the development of glands ; moreover, as has been 
already stated, the constituent cells are seen to undergo active 
fission ; nevertheless, I shall continue to maintain, until the con- 
trary has been proved, that their growtii', like that of normal 
epithelia, is primarily due to a peripheral apposition of young 
cells ; and this hypothesis seems to me quite as plausible as that 
of the enlargement of rctontion-cysts by secretion fixMsi their 
walls. The fissiparous multiplication which takes place in the 
interior of the epithelial sprouts is indicative of a secondary 
growth ; it may even contribute most to their increase in thick- 
ness; but it has no share in their elongation, in that inward 
growth of the sprouts, to which the destruction of the afiected 
organs is actually due. This subject will be more fully treated 
in the sections devoted to squamous epithelioma ; the object of 
these preliminaiy remarks being to direct attention to the fiiet 
that the laws of normal growth retain their force even in these 
most extreme and periloos departures from the normal tjpe. 
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I. Glai)dui,ar Carcinosiata. 

j 149. la there any suah tiling us an undoubted true liypor- 
tropbjr of glands ? If our definitiou of " true glandular hyper- 
trophy" involvea — lat, :in absolute agreement with normal glands 
in structure and composition ; 2nd, a proportionate increase in 
Jbnctional activity- — then indeed the term would have to be con- 
fined to the hypertrophy which tlie mammary gland undergoes 
daring lactation, and to those uniform cnlargcmenta of one 
kidney, or of single lobes of the liver, whicli have long been 
known as "compeusatmy hypor trophies," inasmuch as they 
uaually follow obliteration of the other kidney, or of the remainder 
(if the hepatic jiarenchynia. In such cases the tubuli uriiiiferl 
are elongated, the number of Lepatic culls in oacli acinus in 
increased, oud the capillary network midergocs a corresponding 
extension; so that it is only witli the naked eye that we oait 
imata the increased bulk of the renal fasciculi or of tlie 

itic lobules, tlie microscope serving merely to establish their 

feet conformity to the normal type. As regards the hyper- 
trophy of the majnmary gland in lactation, I must refer the reader 
to tlie appropriate sections of the Special Pai't of the present work. 

§ 150, All other Ibrms of so-called glaudiilai' hypertrophy 
diverge in some way or otiici' from tlio normal standard. First, 
we have a group of cases, witli reganl to which we are never 
sure what proportion of tlie total enlargement .should be ascribed 
to morbid overgrowth of the gkmd-tabnli, and what to their 
ooinoident dilatation. To this group belongs tlie hypertrophy of 
iba taucons follicles In catarrh uf the stomach and large intes- 
tine, of the trachea and bronchi. TJie proliferation of the sub- 
<^tfaelial layer of connective tissue which invariably aceompanien 
cveiy catarrhal inflammation of a mucous membrane leads to 
compression and closure mf the ducts which penetrate it, and so 
hinders the tree discharge of the secretions ; a certain degree oj' 
dilatation of tho follicles, duo to retention of secreted matters, 
tfaiu contributing to tlic gross result. As compared with tliis, 
tlie independent growtli of tlio glands, Le. tlie growth due tit 
fiawon of their epithelial elements, plays a more or less subordi- 
nate part. It may confine itself to furnishing the necessary 
epithelial lining for tlic glaud as it gradually degenerates into 
a nutcoQS cyst. Cases of this sort are analogous to atherotnatA 
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of the sebaoeouB glands, in which wo undoabtedlj hare more 
epithelium than is strictly required to line the cavify of a seba- 
oeons follide, but never — unless the atheromatous cjst has 
|)eoome an epithelial cancer — any centrifiigal budding forth from 
ihe epithelial layer. 

§ 151* Connected with the above are cases in which an in- 
dependent outgrowth of the secreting parenchyma undoubtedly 
takes place, but in which we may reasonably hesitate before we 
regard the newly-formed tubuli as true, ue. as functionally 
capable portions of the gland. Both the sebaceous and the 
sudoriparous glands may undergo a monstrous excess of develop- 
ment in circumscribed portions of the skin, and (especially the 
former) form fungous tumours of great size, without any increase 
in the amoimt of secretion being observable on the surface. In 
the hypertrophy of the sebaceous glands moreover there is a 
marked deviation from the normal plan of structure, viz. a 
thickening of the connective tissue of the follicular sacs. A 
farther extension of this peculiarity leads to subepithelial sar- 
coma of the glands, e,g. of the female breast, a form of disease 
to which Billroth has on this account applied the name of ade- 
noid sarcoma. 

§ 152. With the complete emancipation from the physiolo- 
gical purpose of gland-growth begins the domain of those 
tumours which I call adenomata. Apart from its stroma, the 
adenoma consists of epithelial cells, whose arrangement at once 
recalls the epithelial lining of the tubular or acinous glands. 
The cells are, for the most part, grouped round a central axis, as 
though they really included a tubular lumen; but the lumen 
itself is either wholly wanting, or present only in an interrupted 
form, plugged with mucous or colloid matter, and most assuredly 
shutoff from free communication with the efferent ductof the gland. 
It w^ould seem as though Nature had concerned herself mainly 
with an unlimited production of new glandular tubuli, without 
much caring what became of them. She seems to forget that a 
proportionate development of blood-vessels and connective tissue 
is indispensable for the due perfection of a glandular parenchyma ; 
and so, as the process continues, a tumour extraordinarily rich 
in cells is formed, too scantily provided however with vascular 
connective tissue to enable its nutrition to be adequately 
carried on throughout its entire substancCi and whiofa therefore 
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'olves within itself tlio causes af its own ultimate deBti'uc- 
tjon. 

We are at present aequaiated with adenomata of tlie liver, 
mammary gland, sebaceous glands (Lupus), and the mucous 
tbllicles of the rectum. It is only in the last-named ease that 
we find it hard to separate adenoma from columnar epithelioma 
(Cylinderepithelialkrebs), {See below.) Aa for the rest, nt- 
Bnd practical means of distinguishing them from cancer, partly 
in the manner of their development, portly in their clinical 
history. Adenoma forms globulai', sharply-circumscribed nodules, 
which replace a comparatively small portion of the gland from 
which they spring. Each single nodule increases by central 
proliferation ; it tends rather to push aside than to infiltrate the- 
neighbouring parts. Adenoma of tlie liver actually surrounds 
itself with a capsule. Further, adenoma Is to be regarded as a 
tolerably benign growth, wlucli docs not recur or give rise to 

ndar^- deposits, though our knowledge on this point is still 
its in&ncy. 

$ 153. Glanuulak CANCEii, with its many varieties, consti- 
[lutes the natural termination of the histogenetic series which wi- 
['bave been hitherto considering. If we imagine the independent 
growth of the glandular epitlielia waxing more luxuriant and 
more general, tlic regular elaboration of the gland-tubuli being 
more aud more neglected for the sake of a proportionately more 
rapid penetration of the interstitial and surrounding connective 
tiasne, wc shall luive ii tolerably correct notion of glandular 
Its indiv-idual features however demand a more detailed 
axamination. 

That the growtli originates in the glandulai- epithelia lias 
recently established by nnmerous observations. The cells 
ivido and multiply. Tlie first result of their multiplication is 
an obliteration of tlie lumina of the respective tubes and acini, 
which are converted into solid groups of cells. These imme- 
diately proceed to put out buds in all directions, which bore their 
way into tlie ncighljouring connective tissue. Tills is the common 
starting- )x)i lit of the many varieties of glandular cancer, the 
more important of which will now be described eerialim. 

§ 154. Soft cancer (carcinoma mcdullare, oncoplialoides — 
hitherto often confounded with the sofl varietj- of alveolar snr- 
,) produces cancer-cclls in the greatest number, thongb not 
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always of the greatest size. Tbair ronnd, vesicular nuclei, fur- 
iiishad with distinct, lustrous nucleoli, prove that theso cells are 
truly deecoided &om the mucous layer of the blastoderm ; they 
form elaborately twisted cylinders beset with oUvate i^peu- 
dages which are best seen when tbe juice squeezed from the cot 
sor&oe of areceut apemmen (oanoer-juioe) is examined in aamin 
(fig. 57). In these cylinders tbe boundaiy-liiteB between tiie 
individaid elements cannot be detected. This is because the 




Cellnlar aggregates from, tlie juice of a soft cancer of t!i« 
breast. AfW Batroth. 

protoplasm of the cells is absolutely naked, so that their imme- 
diate juxtaposition produces the optical effect of continuity. It 
would seem as though the speedy onset of fiitty metamorphosis 
hindered the farther evolution of the epithelial type, for we 
seldom come across a cell of large size whose protoplasm does 
not already contain one or two oil^obules. The greater the 
number of oil-globules, the more (Ustinctlj' can we traoe the 
outlines of the cell, which are otlier\vi£o so difEcidt of demon- 
stration. The conversion of the cells into granulo-coipuBcles 
with &tty d&rit appears to take place in tbe usual way. Neither 
microscopical nor chemical investigation has yet succeeded in 
showing the existence of any specific elements in canoer-juico. 
The clear and colourless senun contains albuminates and albu- 
minoid matter* in sdution ; among these there may periaye be 
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bodies, wliioh are at present however wholly 

55. On examining wliat is left after the cancer-juice has 
, on exploiing the spaces in which the juice was con- 
tKined, we are coufrontctl by the second element in every can- 
oerous formation, the cancer-stroma (fig. 5K). To demonstrate 
die fltroma as pertectly as possible it is necessary to cut fino 
sections from various parts of the tumour, which must tiicii be 
pencilled out : a framework of connective tissue is thus dis- 
plajred. whose trabeculat enclose oval spaces ; the shortest dia- 

Ieters of these spaces iicine at least twice the breadth of tbo 
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b of soft gtunUnlor cancer pencilled out. n. Cylindera 
of cancer-cells seen in tranfiTerse Bpction ; b. Trabeculaj of 
stroma; c. A solitary spindle -cell which stretches obliqncly 
from one trabeciila to anothor, and torvcii, by dcpoaitioii of 
baHis-Bubfituacc along its protoplasm, to give the impulse 
fijr the formation of a new trahccula ; rf. Hound-cells iniil* 
trated into the ?nbstance of the trahccidie. ^^„. 
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rtontest of tfao trabeculic, and at least five times the breadth of 
those of mcdinm thickness. This implies that neither the tliick- 
neas of the trabecnlic nor the size of the meshes are the same in 
all csnceri, but tliat a certain ratio may be said to exist between 
Uie width of the trabeculsB and that of the meshes. This ratio 
is of value in distingiuabing the individual varieties of cancer 
frocn one another. 
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As regards minute structure, the thicker trabeculse of the 
stroma usually consist of a striated connective tissue in which a 
large number of spindle-shaped cells are embedded. These tra- 
beculse are not circular, but triangular, quadrangular, or poly- 
gonal in transverse section, the sides appearing concave, the 
angles pointed. The latter are occasionally produced into thin 
membranes, which stretch across the whole or a part of a mesh. 
The general impression left on the observer's mind is that of a 
progressive rarefSeustion of the stroma by the growing contents of 
the alveoli ; and this impression may be unconditionally accepted, 
at least as regards the earliest stages in the development of can- 
cer, when the growth is still confined within the lobules of the 
gland. At a later period, when the degenerated lobes and 
lobules have coalesced to form nodules of larger size, and these 
have already begun to penetrate by infiltration into the neigh- 
bouring tissues, a formation of new trabeculse takes place in the 
older parts of the tumour ; this begins by solitary spindle-shaped 
cells becoming obliquely stretched across the larger alveoli, where 
they serve as guiding or nuclear centres for the subsequent appo- 
sition of the basis-substance of connective tissue. 

The soft form of glandular cancer has hitherto been found in 
the salivary gland, the mammary gland, the testicle, ovary, pro- 
state, thyroid body, nasal mucous membrane, and liver. Li what 
measure, if at all, soft cancer of the stomach may originate in the 
follicular structures must remain for the present an open question. 

The soft glandular cancers are extremely malignant ; parti- 
cularly because they undermine the genei^ nutrition of the 
organism more rapidly than any of the other forms, and so prove 
fatal by the cachexia to which they give rise. Metastatic deposits 
arc only found as a rule in the corresponding lymphatic glands. 

§ 156. The telengiectatic CABCiNOifA (a variety of the so- 
called fungus haematodcs). Inasmuch as blood-vessels fi)rm an 
integral part of tlic stroma of every gland, and this stroma, as 
wc have seen already, undergoes direct conversion into the 
stroma of the glandular cancer, it is easy to see that every such 
cancer must, at least in its earlier stages, contain blood-vessels. 
In a general way these vessels may be said to share the &te of 
the stroma, ue, ihey undergo rarefaction so long as epithelial 
proliferation is in the ascendant, and when its prodaets are 
softened and disint^rated by fatty metamorphons, the Teasels 
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»y even take ou an exuberant development. Some cancers 
lore are however — and tliese may rightly be termed telengiec- 
ic — in which Uic development of vessels predominatos from 
J very first. In a cancer of the testicle whoso growth was 
extremely rapid, I found the stroma wholly made up of vascular 
ramifications. Fig. 59 represents a fragment of this stroma. I 
regard the double contour which may everywhere be traced at a 
little distance from the vesseb, as the wall of a lympliatic 
sheath ; such perivascular sheaths having been discovered by 
Ladmg and Tomsa even in the normal tesb'cle. Here too I had 
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Stromft of a rapidly-growing cancor of the tostiok. The section 
has been pencilled out. ^n. 

an admirable opportunity of studying the development of vessels 
from " ctEcai protrusions" as described by Rokkantki; and I 
was enabled to aasuro myself that these protrusions were strictly 
equivalent to those coecal appendages of the vascular system with 
which wo became acquainted in connexion with tertiarj' vas- 
colarisation (§ 71). The protrusions, which are undoubtedly 
grow towM^s each other and coalesce when they come 
contact, forming a new capillar)' loop (fig. 60). 
All telengiectatic cancers are clearly recognisable even by the 
unaided eye, owing to the frequency with which parenchymatous 
hemorrhages occur in their interior. Hemorrhagic foci, varying 
ia size from a pin's head to a hen's egg, and even larger, foci 
in every stage of retrograde metamorphosis, blood-cysts and 
patches of pigment of all sliapes and sizes, characteriao tlie cut 
variety of fungus luematodes. As regards r 
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rdtj-^ the tdengiectatio form of glandular eanoo: agrees anccm- 
•ditioiudlj widi the soft variety. 

§ 157. Thk SABC0MAT0TJ3 GABOINOMA represents the seoond 
possible eombination of cancer with sarcoma (cf. sarcoma earci- 
nomatodes, § 125). If we imagine the ^thelium of an open 
gland midergoing a degeneration precisely similar to that which 
giv«s rise to the soft form of glandnlar cancer, while the inter- 

FiG. 60. 




Stroma of a tdenffiectatic cancer of the testicle^ consiflting of 
wide capmaries with coecal appendages, -g^ 

stitial connectiYe tissue simnltaneooslj undergoes a sarcomatous 
degeneration, we get a compound tumour, whose place we are at 
first puzzled to define, uncertain whether to dass it with sarco- 
mata or cancers. I place it among the cancers^ inasmnoh as the 
sarcomatous element is restricted to the primary growth ; whan 
it recurs after extirpation, or forms metastatic dqposxto,. it osaally 
presents the unoon^cated foatnies of soft ^andnlar canear. Its 
seats of election are imdonbtedly the testicle and the kiifaMr|r. I 
venture te assert that mest seft caaaera of Hm ketMe Imm & 
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stromft. Its trabeciilse are maile np of tlie cliarac- 
taristac spindle-sk^iped cells, and are often so thiok, that if vl-- 
pnrposoty take our section from the denser parts of tbe tnmonr, 
we may hava to prosecute onr search through several times the 
diameter of the microscopic fieJd, before wo come upon a deposit 
of eancer-cells. 

As regards nialigiiitT,-, this tumour also takes its pUfi.' with 
soft glandular cancer. It is worth mentioning that it may grow 
to a coloBanl siKi-. Kidneys have been met with weighing ten, 
and teaticles weighing fourteen pounds. 

S 158. Hard cascer (simple carcinoma, scirrhus, connective- 
tissue cancer) differs from the two foregoing varieties by struc- 
tural and evolutional peculiarities of such moment, that many nl' 
my fellow -workers will be most miwilling fn admit it to a place 
among glandular cancers at all. As the epithet I have chosen 
indicates, it is essentially diHtingnishod from those morbid growths 
which are akin to it by the greater firmness of its texture. 
T^e confiifit«ncy of a cancer depends on the qnantitative ratio 
between the ccUolar infiltration on the (me Iinnd, and the stroma 
on the otlier. Hard cancer owes its greater density to Uie tra- 
beenl^ <if its stroma being thicker, and the interstices for the 
cancer-juice smaller, than they are in the soft form of glandular 
And yet its hardness varies within certain limits ; its 
being regulated partly by itj* age and tlie period of itn 
ivelopment, partly by local idiosyncraeies. Some hard glandular 
cancers are of such density throughout that great violence is 
required to tear them ; they creak iinder tlio scalpel (durities 
ebnmea; scirrhos). Tlieso cancers arc white and glistening: 
the microscope shows them to be made up of a dense, finely- 
fibrons connective tissue, which contains the nests of cancer- 
cells in a comparatively small number of fi.isures and alveoli. 

More commonly we find softer and harder portions included 
the same tumour, and that in a. ccrt,-iln definite order ; a hard, 
itral nnclous being enveloped by a peri]»heral zone of rela- 
tively softer — sometimes positively soft — consistency. Examina- 
tion with the unaided eye alone is cnougli to make us suspect 
some connexion between this arrangement and the relative age 
of the central and peripheral parts. The outermost layer of the 
tumour (which alwaj-s occurs in an exquisitely nodular form) 
consists of a zone of extremely minute, rcddish-groy foci, which 
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are ra^ieddecl in the healthy parenchjma. Next to these come 
similar ka of pragressirely incre&ung ^ze, whidi ultimately 
t^oelesce to (bnn ibui part of the growth which protradee like a 
circular rampart on the sor&ce of section when the tumour is 
unt across. Farther inwards certain white lines, oorresponding 
to the larger trabecolse of the cancer-stroma, grow more dis- 
tinct ; the reddish-grer infiltration fades, or is replaced hy a 
ydlow marUing, dae to the conversion of the canoer-cells into 
grannle-oorpuaclea (Carcinoma reticolatam of MuVer). The 
vessels too of the stroma, which were hardly to be seen in the 
encircling rampart itself, become mnch more distinct, mingling 
red lines and dots with the white trabecoke of the stroma, and 
the yellow points of fat^ change. Still nearer to the centre 
these appearances also fiule, leaving a white and Instrona hard 
cicatricial tissae, which Bends radiating prolongations &om the 
centre of the tnmoor towards its circmnference. So that, even 
with the naked eye, we can distiagaish fenr zones which corres- 
pmid to a like number of stages in the growth of the cancer ; a 
zone of derelopment, a zone of acme, one of degeneration, and 
one of cioatrisaUon. 

Pig. 61. 




Carcinonw aimplex mamnue. a. Derelopment of neata of 
cancer-edls; 6. Fnlly-dereloped cancer-tisane (cf. the 
next); e. Oommencing ctcatrimtion; it also reprsMmtB the 
raWion betirean itroma and cells inacirrbns; d. Cancer- 
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$ 159. Tbe microscope tlioroughly corroborates tlie evidence 
the unaided eye. In fig. fil, tlie microscopic appearances 
inted by fine sections taken from each of the four zaiies of 
tumour are shown. Fig. 61, a, is from the periphery of a 
lute nodulo, situated in the zone of development ; the appear- 
ices which it presents used to be interpreted as follows. It 
supposed tliat each row of small round-cells were at once 
brood of a single connective-tissue corpuscle wliicli formerly 
spied the same point, and tlie foremnners of a o;roup of 
Aancer-cells, such iis miglit be obaer\'ed lu their immediate 
neiglibourhood. This developmental nexus has now been broken 
tlirough. The rows of round-cells are viewed as eolonrless 
corpuscles whicli have migrated from the blood-\ essels ; and 
great efforts are being made to prove that the nests of cancer- 
eells originate excluaively from the pre-existing epitbelia of the 
gland-substance. To my miml tliese efforts apj>ear futile, bo 
as they arc meant to show tliat all the cancer-cellg are 
•dually ^'descendants" of the epitlielial cells. On the other 
liand I am quit© wilOng to admit that in tbe hard form of 
idular cancer, as in the other varieties, the glandular epithelia 
lergo fissiparous multiplication, contributmg tliercby, though 
ly to a moderate extent, towards the enlargement of tiie acini 
or tubull ; also, tJiat the first nests of cancer-cells usually 
originata in immediate proximity to tlie glandular epithelia, thus 
^ving no little colour to tbe assumption of an " epitlielial infec- 
^on " of the round-cells which are heaped up in the connective 
tissue. In my opinion, tbe development of hard glandular cancer 
ooeurs by a slow interstitial inflammation, whoso cellular pro- 
duets are converted into epithelial elements instead of pus or con- 
nective tissue. The active participation of the glandular epithelia 
most bo regarded as tbe primary cause of this inflammation, and 
as the exciting cause of the peculiar line taken by the products 
of infiammation in their development. Hence the glandular 
Apilhelinm is and must remain the essential cause of the morbid 
ion, even though its co-operation happen to be quantitatively 
ignilicant The precise way in which au epitlielial direction 
given to the development of the infiltrated products of uiflam- 
idon must for the present be left undecided ; although, as has 
already hinted, there are many reasons for assuming that 
ig epithelial celb penetrate one by one into the interstieeE 
13 
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of iho adjoining connective tissue, where they infect by oontact 
the indifferent cells which these interstices contain. We are to 
some extent reminded of the way in which the togumentary 
layers of epithelium grow ; save that in them the migratory 
corpuscles of the connective tissue pass over entirely to the side 
of the epithelium, the boundary line between the epithelium and 
the connective tissue being thus preserved ; while in the present 
case, the migratory cells are infected while yet embedded in the 
connective tissue, thereby causing the penetration of the epi- 
thelium into the extra-epithelial tissues. 

§ 160. Fig. 61, by represents the stage of acme. The pro- 
liferated cells demand more space ; hence the fibres of the con- 
nective tissue are dissociated, and go to form the large and small 
trabeculaB of a tough stroma ; upon and within them ramify the 
blood-vessels of the cancer, whose calibre and fullness determine 
the intensity of the red element in the hue of the tumour. That 
it is fatiy degeneration by which the cancer-cells are affected and 
to which they finally succumb, is clear enough from the mere 
examination of the juice scraped from a cancerous tumour. In 
this, all stages of the degenerative process are exhibited side 
by side (§ 26), from the appearance of the first oil-globule in the 
protoplasm, to the complete disintegration of the cell. What 
appear to the naked eye as yellow streaks and dots (carcinoma 
reticulatum of MuUer) are found under the microscope to consist 
mainly of granule-cells. In transverse sections, the thickening 
of the trabeculsB (of the stroma) which is associated with the 
diminution in number of the cells, attracts our chief attention. 
Fig. 61, (7, represents a type of structure which is permanently 
characteristic of the so-called scirrhus, but which is met with in 
every simple cancer as a transitory phase. The trabecular are 
extraordinarily thick; they consist of a connective tissue with 
short fibres, and provided with spindle-shaped cells. After the 
total disintegration and removal of the infiltrated cells, this con- 
nective tissue has the field to itself. In the cancer-cicatrix, the 
oldest part of the tumour, we see bands of fibres crossing and 
inter-penetrating each other in every possible direction ; here and 
there a residue of fatiy d&rii indicates the former position of a 
group of cancer-cells; in other respects, the oancer-oieatrix 
exhibits no pecnliarify which might serve to distinguish it firom 
any other sort of dcatricial tissue (fig. 61, d). 
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GLANDULAR CAHCINOMATA. 

Tlio formation of s cicatrix briiiga the local history of tbe 
cancerous tumour to a close; the samo termination, when it 
occurs at the close of a formative inflammation, ia known under 
tlio uanio of repair ; yot wo should not be justified in saying 
that the cancer underwent "repair" by cicatrisation; for 
while the reparative process is going on at its centre, new 
portions of the affected gland are being continually drawn 
into the vortes of destructive change at the poripliery of tho 
gmwtli ; so that tho cicatrisation alwa^-s lags far belu'nd tho 
infiltration. 

S 161. Hard glandular cancer occui-s most frequently in tho 
female breast, ^here it presents several varieties ; next In order 
of frequency eomo the glandular layer of tho stomach, the liver 
and other open glands. 

As regards the time at wliich metastatic deposits begin to 

^)poar, nothing is known for certain ; as a rule, tliey occur 

^tliin a year. Cases are on record of tlie radical extirpation of 

glandular cancer, not followed by any local return of tho 

lase ; but such eases are among the rarest in surgery. 

§ 162. Colloid Cancer [carcinoma alveolare, gelatiniforni 
cancer (^Gallertkreb.i)'] consists of a soft, tremulous and jelly-like, 
transparent mass of a bright honey-yellow colour. Essentially a 
iriety of hard glandular cancer, it differs from this, iU nearest 
llative, by the entrance of colloid degeneration into tho course 
isf itA development. To this colloid degeneration are due the 
peculiar aspect, tho structure and other vital peculiarities of the 
tumour. First then, as regards structure. Tho familiar term 
'* alveolar cancer *' indicates sufficiently that it is the prototype 
ilvoolar texture. The stroma is a network with very 
_ [dar, rounded meshes; and if wo inquire into the cause of 
^Ihis striking regularity', we find it in the circumstauce that every 
portion of colloid matter swells, tending, like Hnid collected in 
a limited space, to assume a spherical form; so that any paren- 
chyma which, like this form of cancer, is studded throughout 
with little portiouH of colloid matter, most eo ipso assume tlie form 
of a stroma with spherical meshoH. 

Haring reached a certain size, the colloid spheres by their 
continued increase in volume, compress the intermediate septa 
and canse them to waste ; two or moi'o spheres coalesce and 
inpy a space whose original form is slowly obliterated by a 
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gradual levelling of the aepta which intarseot it, tending to 
make it assame a spherical sbapo ; so that ultimately a single 
large, but still globular alveolus is produced. A fine section 
(fig. 62) shows the entire sabstance of the tumour to be made 
up of a number of circular areas, some small, some large, corres- 
ponding to the colloid spheres, which are kept apart by septa of 



How the colloid matter originates, is a far more difficult ques- 
tion. That it is partly due to retrograde metamorphosis of the 
oanoer-cells, may for the present remain undisputed, since every 
one of the smaller alveoli is found to contain a group of epithe- 
lioid elements, which are no longer to be seen in those of larger 
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size, while there is nothing in their place beyond colloid matter ; 
also, because the colloid metamorphosts described in § 44 may 
actually be seen to take place in some of the individual cells. 
But I cannot admit that all the colloid matter present has been 
generated in this way. 

K we look impartially at the very characteristic appearances 
presented by colloid cancer (fig. 62) we notice that the groups of 
cancer-cells contained in the alveoli, are first of all in contect with 
the alveolar walls; that they are subsequently separated from 
these walls by a progressively increasing number of layers of 
colloid matter ; and this witfaont their number undergoing uther 
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inci'caso or diuiinutiou ; wc notice that they finally Ijccoiiio dis- 
solved aiid disappear after dozens of colloid layers liave already 
acciimiilated ; and a spontaneous conviction arises in our minds, 
that the major part of thJa colloid matter has been secreted at the 
jnnction of tlie connective tissue witli the epithelium, without the 
fidly-lbrmed epithelial cells taking any active part worth men- 
tioning in the process. The hj'pothesis of a direct transudation 
finm the blood cannot be entertained for a moment, the endo^- 
molic equivalent of colloid matter being almost nil. On the 
other hand I am inclined to adopt the view put forth by 
Vmarelepont {Langmheck' s Archiv, sent iu for publication in 
April 1870), v^ho believes the colloid substance to be a product 
of the metamorphosis of the material which serves for the con- 
struction of epithelial cells, an albuminous compound of some 
kind, which would, in otlier forms of cancer, be employed in 
increasing the number of the cells. We cannot but tliink iu Uiis 
connexion of Amold^t theory of the origin of epithelial cells 
from amorphous matter ; the accumulation of colloid, supposing 
Aniol^s view to bo correct, admitting of being naturally ex- 
plained as an accumulation and subsequent transformation of tlus 
amorphous plasma. The concentric lamination of the colloid 
matter points to a certaui pcriodici^ in the rate of its secretion, 
while the fatty and granular dilbris marking out the limits of 
each layer, will have to be regarded as a bye-product of its 
manufacture. 

§ 163. It is certain that vessels ramify upon the septa and 
trabeculEB of tlie stroma in colloid cancer ; but these vessels aro 
neither numerous nor large, and contribute but little, oven 
when fully injected, to colour the mass of tho tumour, so that 
colloid cancer always gives one the impression of being very 
•cantily supplied with blood. As regards the course of tlie 
I, and tho dangers to which tlie patient is liable, this cir- 

imstance is important, Inasmuch as bleeding Irom the surface 
of a colloid cancer when broken-up and ulcerating is neither 
frequent nor abundant. 

As regards malignity, colloid cancer occupies a somewhat 
inliar position. It has an estraoi-dinai-y "power of infection 
contiguuin. The infiltration of tho connective tissue whioli 
on at its circumference often assumes proi^rtions which are 

itoully colossal. On the other hand, metastases to more remote 
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parts are rare, as also are deposits in the neighbonring lymphatic 
glands, which for the most part remain unaffected. 

Localities : stomach, large intestine, liver, ovaiy, mammary 
gland. 

IL EpITHELUL CABCmOMATA. 

§ 164. Were we to take into account every variation in con- 
sistency, colour and texture, we should find it difficult to get any 
two specimens of epithelial cancer, taken from difierent parts of 
the cutaneous and mucous systems, which could be viewed as 
growths of an absolutely identical character; so great is the 
influence of the parent-soil, especially in the case of epithelial 
cancer. We must content ourselves for the present with establish- 
ing two main categories, corresponding to the two leading forms 
of epithelium, the squamous epithelioma and the columnar epithet 
liomcu The former occurs chiefly, but not exclusively, on sur- 
faces clothed with flattened epithelium, the latter on such as are 
lined with the columnar variety ; yet squamous epithelioma is 
not excluded firom mucous membranes clothed with columnar 
epitlielium, e,ff, the gastric mucous membrane. 

§ 165. Squamous Epithelioiia (epithelioma, epidermic can- 
cer, cancroid) forms a white, dense mass of somewhat dry 
quality, which presents on section either an aspect entirely homo- 
geneous, or afibrds at most but vague indications of its finer 
structure. To the finger it imparts a marked sense of resistance, 
which however is dull and inelastic ; on squeezing it forcibly 
from the side, contorted threads of a milk-white colour protrude 
from its surface ; these have been very aptly compared to tlie 
so-called ^^ comedones " which may be squeezed firom the seba- 
ceous glands upon the nose. These threads readily break up in 
water ; a cellular emulsion being formed resembling the milky 
juice of cancer; but the suspended cells are all true speci- 
mens of squamous epithelium, indistinguishable from tliosc 
which line the oral cavity. Certain peculiarities of a minor sort 
in the form of the individual cells will be more properly discussed 
when we come to consider the appearances seen in tranverse 
sections. The nuclei are always of large size, ovoid, double- 
contoured and furnished with one or more large and lustrous 
nucleoli. 
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g 16G. E^iitlicltoniata of the skiu and mucous membranes, 
vo when they origiuato in wru-ta or cauHilowDr excrescences, 
I 148) always begin as flattened and indurnted elevations of tlie 
' surface They extend progressively botli in deptli and in super- 
ficial area. Should tlie growtli have reached a certain maximum 
of development at its place of origin, it brealiB open at this point. 
The surface, somewhat tuberculatcd from the flrst, grows rough ; 
erosions, fissures, and holes appear in great numbers, and exude a 
white, inodorous, pulpy fluid, uuxe^l with pus. The tumour 




Section tliroiigb the growing edge ol* uii opitbolial cancer uf the 
skie. (•.. The fuUy-derebpcd growth ; cjliiiders of epi- 
thelial cells containing pearly nodulcB (concentric globes), 
sceu in longitudinal section ; b. An enlorged nebaceoiis 
gland ; e. Commencing elongation of peg-shaped protru- 
sions of the epidermia iD an inward direction. Tia- 

next falls in at its centre ; a hollow is produced, which is liencc- 
fortli masked, either by llio dried secretions, or, when these arc 
removed, by the sloughy shreds of the original tissue. Li this 
phase of its development, therefore, the epithelioma presents tho 
appearance of an ulcor witli a hard base, and hard, raised edges. 
At the periphery of the ulcer, we note the constant advance of 
tho infiltration into neighbouring parts ; in its indurated l>order, 
■we can study the characters of its maturity : while towards ita 
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centre, we mark the disintegration of the morbid growth, and 
the phenomena of repair, which are occasionally very distinct. 

In considering the development of this variety of cancer, it 
is convenient to distinguish between its first beginnings and its 
subsequent extension. Thin vertical sections through the raised 
border of an epithelioma of the skin, are best adapted for the 
more accurate determination of its point of origin (fig. 63.) Pro- 
ceeding &om without inwards in our examination of this section, 
firom c to a, the first indication we have of the beginnings of the 
morbid growth, is a sticking enlargement of the sebaceous glands 
(c). These increase in length and breadth; their caecal ends 
becoming irregularly nodulated and clubbed. At the very edge 
of the tumour (b) we have a colossal example of this change ; 
and a dispassionate investigation leads us to conclude that the 
tubuli of the swollen gland differ in no respect from the adjoin- 
ing protrusions of the cancroid growth (a). This resemblance is 
especially due to the fact that during the elongation and thicken- 
ing of the fundus of the gland, its character as a secreting organ 
is wholly lost; we miss the central cavity and the oil-globules ; we 
can see nothing but closely aggregated epithelial cells, and these 
of such dimensions as far exceed the normal standard of the 
sebaceous epithelia. 

Tliese considerations make it credible that epithelioma of tlie 
skin may originate in the sebaceous glands ; but on tlie other 
hand, we must not forget that this ^' origin from sebaceous 
glands" must be regarded as only a part of the entire phe- 
nomenon, which consists in a thorough dislocation of the boundary^ 
line (Grenzverruckung) between epithelium and connective tissue. 
On the one hand, we owe to Thiersch* the account of an epithe- 
lioma wliich sprang demonstrably &om the sudoriparous glands ; 
on the other, we may see in any and every epithelioma, tliat it is 
not the glands alone which take part in the formation of the 
cancroid protrusions. Club-shaped processes of epithelium burrow 
into the underlying tissues from the deepest points of the epithe- 
lial stratum, from £hose convexities of the rete Malpighii which 
lie in the inter-papillary furrows ; and it is tliis phenomenon, 
to which tlie elongation of tlic existing epithelial protrusions 
(i.e. the glands) is quite subordinate, which stamps a common 

* Thiersch, Der Epithtlialkrebs. Leipzig, Engelmann, 18d5. 
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'>«haract«i' on every variety of primary epithelioinatous growtli." 
It is not tiieref'ore as glands, but as appoiidages of the epidermis, 
tliat the sobacDotis and sudoriparous follicles take part in the 
tliferation. They lose their glandular chm'acter and are con- 
into what they originally were, solid aggregates of cells, 
'ming peg-shaped appendages of the luider surface of tlio 
'epidermis, 

§ 167. Opinions differ concerning the way in which tlie epi- 
thelial sprouts grow and penetrate into the aub-epidermic layer of 
connective tissue. According to ThUrsch, Billrolh and others, 
the sprouts grow exclusively by proliferation of theii' epithelial 
elements ; Kbster holds that their increase is additive, and due to 
a corresponding metajnorphosis of the endothelial cells of tlic 
iphatics, in whose intorior the sprouts exclusively extend, 
wn part, I cannot overlook the very striking fact, that 
Bctivo fission of cells and nuclei may be seen to take place in the 
sprouts Uiemselves ; neither can I ignore the eloquent appearances 
exhibited by sections taken from the raiised border of certain flat 
epitheliomata in a direction parallel to their surface, as Koaier 
recommends. 

Fig. 64 exhibits the superficial lymphatic network of the 
cutis in its highly characteristic contiguration, but with its 
biterior occupied by cylindrical masses of epithelial eolls. The 
lymphatics in this specimen are undoubtedly the channels along 
'hicli the epitlielial sprouts advance. It must not be inferred 
im tliis, tliat they [perform a like office in the case of all 
loers ; indeed we may find it necessary to admit tliat the 
iteresting appearances discovered by Kotter are only the micro- 
ipical expression of a fact already known, sc. that cancers and 
iKimata of glandular organs (c.,^. of the kidney, the testicle, 
lymphatic glands) are especially prone to penetrate into the 
interior of the blood-vessels and lymphatics, in which Uiey sub- 
sequently extend. Whatever be our conclusion, tlie observation 

* From an cxamiaation ofepithclioniutuuf the digestive tract, I have 
B to the conclusion, that the tabular gliinda of the nincoua mcm- 
10, lined witli columnar epithelium, play the same part as the scba- 
I glands of the skin. They estend iimards, and change their 
Iftnuilcr. losing their central cavity, and Torming solid aggregates of 
■llti: thuao aggregates consiBling first of tadifibrcnt elements, subae- 
leiitly of true squamous cpitliclia. 
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itself is a reliable one, and sheds much li^t on the way in which 
certain kinds of cancer penetrate into and extend throagh the 
parenchyma of organs. With this part of Koiter'g theory, the in- 
dependent growth of the epithelial sprouts asserted to take place 
by TJaerach may very well be reconciled. It is only the addi- 
tive growth by metamorphosis of the lymphatic endothelia, 
which is radically incompatible with Thiersch's views. I have 
always warned my hearers against the danger of adopting a 




Honsontal section through the prohfer»ting sone of an epi- 
thelial uaucer of the alun Extension of the epithelial pro- 
trusioDS almg tho interior of the lymphatic vesBels. After 
Kotier. 

one-sided conclusion on this matter, and I do not even now aec 
any reason for deserting the via media which I have hitherto 
followed. In cpitheliam (as e.ff, also in cartilage) I distinguish 
between a primary and a. secondary mode of growth ; the former 
consisting in the addition of young and small cdU at the jono- 
tion of the epithelium with the connective tissue, the latter in an 
enlargement and proliferation of the. cells in the middle of the 
cpitholinl layer. To the former of these two factors is due the 
growth in length and breadth, to the tatter the sadden condensa- 
tion of tho young stratum which is &miliar to evei^' microscopiat 
(Cf. tho skinning over of raw sor&ces, fig. 39). The pheno- 
mena aro the same in disease. The actual extension of the epi- 
thelial sprouts is due to tlie apposition of mobile cells derived from 
the nutrient apparatus (according to EmUt of proliftnmted 
endothelia) to their moat advanced points. Tbeir sobaeqnmt 
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condensation and conversion into tough, peg-sbapod prooeases of 
cpitlielium, is in great measuro a rcsnlt of cell-proliferation ia 
the axis of tlic sprouts thomsolves. 

§ 168. PflBsing on to consider the structure of the tumour, 
(fig. 63a) we aoo at a glance that it ia chiefly made up of the epi- 
thelial cylinders already alluded to as " peg -shaped protrusions." 
The average diameter of these cylinders is one-seventh of a line ; 
their lengUi ia usually very considerable, though it is not often 
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Section of au opitlielial uyliudcr under a luiLgnUyiiig power 
of 500 dbmeters. a. The cylinder itself, exhibiting tliQ 
characteiiatic Btratifimtion of its cgIIh, and two pearly 
nodulea, one of whicli ia older than Che other ; b. The 
stroma; at e it containB a very krgo proportion of corpus- 
cnlar elements and conlributes directly to tho additive 
enlargement of the cylinder. 

that ue havo an oppoi-tunity of seeing the whole of uny one 
t-ylindcr. They bifurcate, sometimes repeatedly, forming jicr- 
fwtly dendritic structures. The arrangement of the epithelial 
cells, OS seen in tranavei'se sections, is highly cliaracteristic. At 
tho junction of tho epithelium with the connective tissue, at the 
periphery therefore of the protrusions, a layer of small, roundly- 
oval elements, often of a brownish tint, is found ; this inter- 
19 between tho conneotive tiosuo on the out'tidc, and the more 
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highly-developed squamous elements interiorly (just as in tlie 
healthy cutis). These small cells fill up all crevices ; everything 
is continuous^ there are no breaks. And a tendency to coticen- 
trie lamination prevails throughout 

We may fairly assume that inasmuch as the infiltrated 
parenchyma is not capable of being stretched beyond a certain 
pointy the peg-shaped protrusions cannot attain more than a cer- 
tain definite thickness. Now supposing that new cells continue 
to be formed it is clear that the available space must sooner 
or later be exhausted ; pressure must arise in the interior of the 
tumour^ which will be exerted both on the processes themselves 
and on the connective tissue of the intervening stroma. I 
regard this " compression due to growth " as a very important 
element in the life-history of all infiltrative growths ; for, in so far 
as it compresses the interstitial vessels, it must hinder the circu- 
lation of the blood, disturb the nutrition of the parts, and thus, 
as a rule, be the prime cause of degenerative changes. This 
part of its action is the same in epithelioma as in other tumours ; 
I am inclined moreover to assign it a share in the tendency 
towards lamination alluded to above, a tendency shown by the 
cells in the interior of the epithelial protrusions, and which 
culminates in the formation of the so-called "pearly globes or 
nodules." 

The pearly globes are produced as follows (fig. 63) : at 
intervals in tlie axis of the epithelial protrusions, one or two 
cells which retain their spherical form, serve as a nucleus 
to which the adjacent elements are applied like the eon- 
centric scales of a bulb ; these elements being flattened out, so 
as to yield the optical efiect of fine dark lines when seen edge- 
ways, just as in the hairs and nails. Large numbers of cells 
are thus squeezed into a small, globular space ; the entire mass 
presenting a homogeneous, intensely yellow and lustrous aspect, 
which recalls the colour of hair. The individual nodules may 
grow to a considerable size ; and we shall find in what is known 
as "pearly cancer" (see cysts of nervous organs, brain) a form 
of epithelioma in which the entire tumour is ultimately converted 
into an aggregate of pearly nodules. 

The cells of epithelioma are also liable to another interesting 
change, which is not, however, common ; they may become 
grooved This term is applied to cells whose snrfiioe is beset 



EPITHELIAL CABCiyOMATA. 



205 



I ana 



with a large number of parallel ridges, only visible under high 
powers ; these ridges being suturally adapted to the oorrespond- 
ing grooves or furrows of adjacent cells, thereby causing an 
exceedingly firm union of the cells among themselves. 

§ 16SI. The seconil constant element in the structure of 
epitlieliomata is a stroma made up of connective tissue. Inas- 
much as the bodies witli wliich it shares the space assigned 
to the entire tumour are of a cylindrical form, it must needs 
constitute a honeycomb-like framework, the open ends of tlie 
cells being directed outwards, Tlio stroma consists at first of 
the parenchyma of the cutis or mucous membrane dislocated and 
frayed out. We learned on a former occasion (5 83) to regard 
the epitlieliura, apart from its first differentiation in the embryo, 
as in cverj- case a proiluct of the connective tissue ; hence we 
may take it for granted that the stroma plays a verj" active part 
in epitheliomatous growth. We actually find, especially at those 
points where the growth of the epithelial protrusions is most 
active, that their apices are tipped with a luxuriant proliferation of 
cells (c) ; the stroma is richly provided throughout with young 
elements; moreover it ia prone to take on an independent 
activity, which usually leads to the development of papillary 
oxcreseenoes, 

The stroma carries the vessels of the tumour ; they share its 
fate in all respects ; when the stroma wastes, they are obliterated ; 
when it developes a productive activity, they dilate («■« below). 
G3 shows a successful injection of the vessels, executed 

irduig to the directions given by TlderneJi. 

S 170. We come now to the degeneration of epithelial can- 
Its conditions are involved in the growth of the tumour 

ilf. Attention has already been called to the possibility of 

" pressure due to growth " interfering with the circulation, 
so disturbing nutrition in larger or smaller sections of the 

lOur. These disturbances are first felt as a rule in such points 

the tumom: as are already subjected to unfavourable nutritive 
conditions. Such points are the centres of the epithelial pi-otru- 
uons. Tlie thicker the jn'otrusioiis, the farther their axial cells 
are from the soil which gave them birth and which should 
nonrish them. The circumstance that these are the first-formed 
and consequently the oldest cells operates in the same direction ; 

tliBt we usually find the phenomena of retrograde mela- 
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morpbosis beginning in the axis of the protrualona. The 
phenomena in question consist marinlj in fatty degeneration 
of the epithelial cells, leading to the formation of a number of 
atheromatous abscesses. These are originally distinct, but they 
gradually coalesce to form a single cavity extending through the 
entire length of the protrusion. Such cavities may be recognised 
on the surface of the epithelioma even with the naked eye as 
yellowish-white, comedo-like points. They ultimately burst; 
the excavated protrusions open up and discharge their contents 
on the Biufacc. The tumour thereupon collapses, and the ulcera- 
tion, the discharge of pus and atheromatous pulp, to which allu- 
sion has been already made, begins. 

Epithelioma does not belong to the most malignant group of 
morbid growths. At least cases of radical extirpation {ue. with 
no attempt to spare surrounding parts) not followed by any 
return of the disease, have been vouched for by responsible 
observers. Such cases, indeed, are by no means common. 
Within a year from the operation, the cicatrix generally be- 
comes the seat of a new growth of analogous character. On the 
other hand, metastasis proper is comparatively rare. The nearest 
lymphatic glands are the first to be affected ; the internal organs 
not being involved until the primary mischief has attained 
dimensions so colossal, that the trifling metastatic lesions are 
unimportant in comparison. The metastasis is probably due in 
all cases to the immigration of young epithelial cells, which 
cause an ^^ epithelial infection " of the autochthonous elements of 
the conjoint vascular and connective-tissue system at the point 
where they settle. 

§ 171. Columnar Epithelioma. Until very lately, obser- 
vers could not agree whether to regard the crypts of Lieberkuhn 
in the digestive tract as genuine tubular glands, or merely 
as oiypts, t.^. csBcal inflexions of the surface solely designed to 
increase its superficial area. The difficulty was mainly histo- 
logical ; for it was shown that these so-called glands were lined 
throughout with columnar epithelium of exactly the same kind 
as that which clothed the free surface itself and its papilla?. 
The results of pathological histology are not in any way adapted 
to allay the scruples thus aroused ; for the only afiection from which 
we might expect to gain some conclusive evidence on this sub- 
ject, se. columnar epithelioma of the digestive tract, involves the 
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I aptUteliam of Uie cryipis and that of the pajiillie in so uniform a 
I manner, exhibits so constant a ratio between the elevations 
f and depression)) of the dormO'C])itlie1ial t)oundaiy-linc, that it in 
mbsolutely impracticable to draw a hard and fast line between 
I the twu. This explains how it is that tho very same morbid 
I growth may, with equal fairness, be regarded as a tlesti'uctivo 
' pipilloma {I'orgtfr), or a proliferating adenoma (A7eia). 

To these two observers we owe what knowledge we possess 
Gonoeming the finer details of the development of columnar 
epithelioma. The alteration invariably begins with a deepening 
of the glandular tnbnli and an increase in the number of their 
tenninal divisions. Here, however, it is important to note that 
this phenomenon from tbo vcr^- first, I feci almost inclined to 
add, designedly, presents the character of an extension of super- 
ficial area ; for we never find solid cellular protrusions like those 
in squamous epithelioma, but always protrusions of the existing 
cavity of the gland, which are liucd with a single layer of 
colunmar cells. The growth next proceeds to cause a potiiive 
extension of surface ; i.e. to produce papillary oxcrescenees from 
the walls of tfie cavities. In this connexion, some statements 
made by Kleb» ore of great interest; he snys that acuminated 
and clob-shaped outgrowths, consisting at iirst entirely of epithe- 
lial cells, rise from the fundus of the glandular tubuli (fig G(j), 
At a later period we tind bnmching paplllfr, which grow in all 
directions, and especially inwards, contribntlng thereby to tho 
dcBtniction of the affected parts. 




From an adenoma of tho (digestive tract. Copied from Khh*. 
(Handbiicli Am Pntholog. Anatomic, fifj. 4.) 



Tha free lurface of the mucous membrane has already begun 
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to take part in the prooegs by a more or less eKuberant prolifera- 
tioQ of papillte. The free surfaoe however is to be regarded 
generally as a locus minoria rexiitmtke ; acconlingly the tumour 
as a whole projects above it, first as a flat and uniform, later as 
a fungoid elevation. To enable us justly to appreciate iU oom- 
plicated struoture, and more particularly to diaoriminato between 
the papillary outgrowths and the inter- foil ioular septa, which are 
likewise coated with columnar epithelium, we must make use 
of specimens teased out with needles, or sections of a certain 
thickness ; since, in very fine sections, there is no break in the 
continuity of tho outline which passes from elevation to depres- 
Bion and vice versCt, without indicating the concavity or the 
convexity of the epithelial ridges (fig. 67). 







^3,"^! 



Vortical section through a columnar ep thcl oma of tho 
stomach. 3^. 



§ 172, I am aware that nearly all the mucous membranes, 
especially those of the larynx, uterus, bladder and others, liave 
each their peculiar form of epithelioma, which differs from the 
chief types, from the squamous and columnar opitheliomata, in tlic 
same degree as the transitional forms of epithelium with whid] 
these parts are clothed, differ from tlio simple squamous epithe- 
lium of the skin, or the simple columnar epitlielium of the 
stomach and bowel. For a detailed account of tliese finer 

iationa I refer the reader to the spetual division of Uila work. 
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Ctlindrojia (Appendix). 

§ 173, Tlio question concerning tho cssentiiil cliaracter of a 
ptoour, termed hy Ilenle aiplionoma, by Billroth cylindroma, by 
Meckel tubular enchondroma, by Friedreich tubular sarcoma, 
by ForsUr and its moat recent investigator Koster niucoos 
cancroid, presents itself among all discussions concerning tbo 
furidamontal nature of cancer niid sarcoma, as an enigma of 
equal interest and difficulty which clianco has thrown in the way, 
now of ono, now of another inquirer. Tho number of names 
whicJi have been applied to this growth, show clearly enough 
that tho different observers differ widely in their views concerning 
it. Are we justified in assuming that all the cases which have 
been examined are really identical ? In favour of this assump- 
tion wo have tho fact of tlieir common situation in tlie region of 
the face, particularly in the orbit and surrounding parts ; while 
the circumstance that the earlier obsorvei-a devoted their chief 
attention to tho most singular and not to the most essential 
constituenta of the growth, may go some way towards explaining 
and excusing their differences of opinion. 

Those singular constituents are certain "hyaline bodies" of 
considemblo size, which may readily be isolated by teazing with 
needles. We are struck first of all with the strangeness of their 
outward form. Together with pcrfuet spheres, we find s]jccimen8 
of a more cylindrical shape ; others agair which are dub-shajied 
and aictiform. Tlie hyaline chains often seem to diverge from 
a common centre, I cannot now review tho manifold hypotheses 
concerning the mode of origin and farther development of these 
bodies, hypotheses in which the prevalent histogenctic theories 
are for the moat part mirrored. I will only say that BiUroilit 
view, according to whicli tliey are perivascular sheaths of mucous 
tissue or fragments of such shoatlis was the most generally adopted 
one, until Kijster recently showed, from a very careful study of 
the development of tho tumour as a whole, that the hyaline 
globes, cylinders, &c., were tho product of a 8econdar\', Jiyaline 
metamoqthosis of tlie cellular trabeculiB of a cancroid growth of 
tlie Ivmphalic vessels, Ue believes tliat wo have to do in all 
cases with a cancroid proliferation of cells taking placo in the 
lymphatic networks of tlie afl'eetcd j)art. The endothelia of the 
l^pliatics proliferate ; tlie canab are blocked by cellular cords 
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resulting from tlieir iiroliferation ; and tlie cords naturally rxaaiy 
and anastomose witli one another like the l^phatics themselves. 
Thereupon, the hyaline degeneration sets in, beginning in the 
axis of the cords. It may even be demonstrated in individual 
cells ; at a later period, however, the prodacta of degeneration 
coalesce to form those larger globes and cylinders whose original 
cellular composition is at best but faintly indicated by the 
presence and stellate arrangement of a finely- granular material 
coinciding with the intercellular limits. The hyaline degenera- 
tion may implicate the whole of tlie epithelial coat, a hyaline 
cylinder of relatively large size appearing to be embedded in the 
connective tissue of the stroma. 

The presence of blood-vessels in the axis of the hyaline 
cylinders, which I have succeeded in 
demonstrating in a tumour extending 
to the cerebral substance (fig. 68), 
is explained by Kotter by the well- 
known perivascular disposition of the 
lymphatic sinuses. 

Cylindroma is very liable to recur 
after removal, but it seldom gives rise 
to metastatic deposits ; accordingly it 
deserves a place near the carclnoiaata. 
To distinguish it from the glandular 
and epithelial forma of cancer, it may 
be allowed to retain the name of can- 
croid, which used formerly to be ap- 
plied to all the varieties of epithelial cancer indiscriminately. 
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T -MORBIT) STATES OP THE BLOOI) AND THE ORGANS 
CONCERNED IN ITS RENEWAL, PARTICULARLY 
THE SPLEEN AND LYMPHATIC GLANDS. 

a. DlSCBABLffi. 

g 174. Tho blood plays audi a weif;!ity part in pathology that 
it aeems necessary to explain why so little space will be devoted 
to a consideration of its morbid states in the present manual. 

The position of the blood in tho domain of pathology is 
determined by its physiological significanco. Tiie blood ia tho 
medium tbrough which tho intercliange of matter in the organism 
(StofFwecIiBcl ) is earned on. It is the nutrient fluid, wbicb 
Bopplies each individual part of the body with tho pabulum 
indispensable fur its existence ; it removes tho eB'eto and hurtful 
products of the chemical processes associated with nutrition, and 
carrioB them to the excretory organs for elimination. Viewed in 
this light, tho blood is the nice ting-place of divers chemical 
oompouitds, some of which have already taken pai't in tissue- 
metamorphosis, while others are. about to take part in it ; of 
compounds whoso presence in the blood is in every case only 
tempcrart/, and which thus give to the blood itself a certain 
variability of chemical composition, for which not tho blood but 
the organs of the body are really answerable. 

Even if we view the blood as an organ, It is peculiarly liable 
to change in comparison with other organs. Our right to call 
the blood on organ cannot be disputed. For it lias an independent 
oriffin i'rotn embryonic tissue in the area vaaculosa, apart from 
ther organs ; it possesses specific cells — the blood -corpuscles, 
. . ij giibscrve a specific function — that of fixing the oxygen of 

:f Wo must not allow ourselves to be led astray by tha 
r I that the corpuscular elements are separated by a fluid inter- 
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cellular substance — that the blood itself is a fluid. Its structural 
elements arc themselves of very unstable character. The blood 
is rightly held to bo that tissue whose losses are soonest remedied, 
whose morphological and chemical constituents undergo on the 
whole the most rapid change. We must recollect moreover, 
that it does not elaborate its constituent elements within itself, 
but draws its supply of cells from the lymphatic glands, the 
spleen, and according to Bizzozero^ Neumann^ and others, from 
the marrow of bone, and its albumen from the alimentary canal. 
In this respect too therefore, certain determinate organs are 
responsible for the composition of the blood. Accordingly the 
blood is kept in its normal state by the systematic oo«operation 
of several factors ; by the due admixtm'e and transformation of 
its histogenetic elements ; by the uniform and easy supply and 
removal of the more transitory nutrient and excrementitious 
substances; finally by the rigid exclusion of abnormal or 
injurious matters from whatever source. Any irregularity in 
these conditions alters the composition of the blood, and gives 
rise to a dyscrasia; and indeed, the vast majority of blood- 
diseases are nothing more than such morbid alterations of its 
composition. 

§ 175. But few of the manifold dyscraaiae of the blood admit 
of being investigated anatomically; only those indeed whioh 
depend upon morbid changes in the visible elements which are 
suspended in the colourless liquor sanguinis. These elements are 
usually distinguished as : 

1. The red blood-corpuscles; flattened, biconcaye discs, 
about four times as broad as they are thick, without nuclei, 
without a cell-membrane (?), made up of a colourless protoplasm 
(stroma), and a reddish-yellow fluid material (haamato-crys-^ 
taUin).* 

2. The colourless blood-corpuscles or leucocytes, which are 
so rare in healthy human blood that for every 450 red cor- 
puscles we find only one white one. These cells are destitute of 



• Besides the discoidal blood corpuscles we always find a certain 
number wbicb have become spherical. These are characterised by their 
apparent smallness, and their darker, almost reddish-brown hue, 
peculiarities readily explained by supposing that the same quantity of 
matter whioh was previously spread out into a shallow disc, has shrank 
together to form a sphere. 
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a limitary membrane ; they are made up of a finely granular 
protoplasm containing distinct nuclear structures. We find 
either a single^ round nucleus of considerable size, or from two 
to five smaller ones of lustrous aspect. In form the white cor- 
puscles vary, inasmuch as they are endowed with a high degree 
of spontaneous contractility ; in dead blood, they are spherical. 
Accordingly they are cells, which resemble in every respect the 
corpuscular elements of embryonic tissue and of pus, from which 
indeed they can hardly be distinguished by any anatomical 
criteria. 

3. The elementary vesicles discovered by Zimmermanriy cir- 
cular^ colourless bodies with indistinct outlines, which owing to 
their small size and transparency are only to be detected imder 
very high powers, but which are occasionally present in 
enormous numbers. 

1. Chlorosis. 

§ 176. The chlorotic dyscrasia is essentially characterised by 
a fiilling-off in the number of all the above-named structures. 
Of all alike, so that the proportion of the red to the colourless 
corpuscles is in no wise altered. The blood as a whole seems 
thinner and more clear— one might almost say more watery 
than usual; on evaporation, the percentage amount of solid 
residue is decidedly below the normal average ; all this however 
is due, not to any increase in the amount of water, but to a 
positive diminution in the number of cells. Where an organ 
depends for its colour on the blood it contains, as e.ff. the mucous 
membranes (conjunctiva) and certain parts of tlic skin — we 
observe a peculiar paleness, which has caused the name of 
" green-sickness " to bo given to the disease. 

The etiology of chlorosis is still involved in some doubt So 
much is certain, tliat the chlorotic dyscrasia does not depend 
upon a premature destruction, upon an atrophy of blood-cor- 
pusdes, but upon an inadequate supply of young and vigorous 
elements to tako the place of those which have completed their 
term of existence, and are only fit to be cast out But beyond 
this, we cannot tell whether a functional disturbance of the 
organs of sanguification (the spleen and lymphatic glands) or 
some disorder of the more remote factors in the process (e.ff» 
cbylification) is to blame. Virehow^s view is deaepring of 
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especial uotiee ; he finds that the aplastic state of the blood is 
associated with a certain aplastic condition of the circulatory 
apparatus as a whole, sc. the heart and arterial system (see 
below), so that chlorosis would have to bo viewed as a con- 
genital, and not, as is generally held, an acquired disease. 

2. Leukhcemia. 

§ 177. The leukhasmic dyscrasia depends upon an alteration 
in the numerical proportion of the white to the red blood- 
oorpuscles. "We have already given 1 to 450 as the average 
ratio of white to red corpuscles. A moderate increase in the 
number of the colourless cells is consistent with health and may 
be demonstrated e.ff. after every full meal. But if the number 
of the white corpuscles undergoes so marked an increase in pro- 
portion to that of the red ones, that we find e.g. one white to ten 
red elements, or evei) an equal number of bo^, then indeed the 
condition becomes manifest even to the unaided eye as a 
decolorisation of the blood ; the blood assumes a paler, raspberry- 
like hue, and we are thus entitled to speak of ^' white blood " or 
leukhsemia. This most interesting morbid state was described 
in 1845 by Vvxhow and Bennett simultaneously; the Grerman 
pathologist however deserves the credit of having firom the first 
recognised and explained its real meaning. According to him, 
we have to do with an increased supply of colourless corpuscles 
to the blood, due to a morbid state of those very organs which 
normally supply the blood with its colourless elements, viz. the 
spleen and the lymphatic glands. 

§ 178. The SPLEEN has long been held to play an important 
part in the renewal of the blood ; in our time it has been 
regarded, now* as the grave of the red corpuscles, now as the 
birthplace of the white ones ; KdUiker has justly attributed both 
of these functions to it The excess of colourless cells in the blood of 
the splenic vein is an indisputable fact ; they are fix)m five to ten 
times as numerous as in arterial blood. It is equally certain 
that the lymphatic glands, particularly those of the mesentery, 
are a source of white corpuscles. If we compare the lymph of 
the thoracic duct with that of the peripheral lymphatics before 
they enter the glands, we find that the former containa a br 
larger proportion of lymph-corpuscles. The afflux of .leneoqrtea 
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im the spleen and lymphatic glaiiJs is not uiiiibriuly rapid at 
tames. It is most active a abort while after meals. Tliis 

loreaeed activity coincides with tliat transient hj-persemia of tho 
entire digestive tract wiiieh is caused by taking food, and which 
manifests itself in Hie spleen more especially as a perceptible 
intumescence of tliat organ. If we have the chance of examining 
a spleen under such circumstanoes, we find, besides a marked 
congestion of its pulp, a distiuctty swollen condition of the 
Malpighian bodies. The mesenteriu glands too are larger and 
contain more blood than usual. It is probable tlierefore tliat the 
increased supply of blood occasions a more rapid production of 
leucocytes in the Malpighian bodies of the spleen and iii the 
mesenteric glands. The newly-formed cells mingle with the 
current of l^mph or of blood as tho case may be, and a transient 
leucocytosis is the result ; no sooner liowever does the digestive 
hyperaemia of the abdominal viscera subside, tJian the lymphadc 
organs on the one hand, and the composition of the blood on the 
other, return to their normal state, 

179. Leukhffimia too is commonly associated with an en- 

'gement of tlie lymphatic organs. The spleen here takes the 
By far the greater half of all iGnkhremiffi are purely 
splenic ; more rarely do we find the lymphatic glands diseased 
together with the spleen ; and an exclusive afiection of tlie 
lymphatic glands is rarest of all. 

The leukhcEDiic spleen is originally a congested spleen. The 

lood, flowing more slowly, accumulates mainly in those anasto- 

lotic channels of tlie pulp^ which were first recognised by 

'iUrotk as a part of the blood-path through tho spleen, and 
[termed " cavernous veins " on account of their easily demonstrable 

innexion with the efferent vessels. Tho lymphoid pai'enchyma 
of the pulp (Uie intervoscular cords of BiUrolh) is also in- 
volved in tbo process ; in addition to the usual colourless cells 
of the spleen vro find an unusual number of red corpuscles ; tlie 
Malpighian bodies too arc enlarged, though tho alteration in 
their structure is not as yet very striking. With the naked eye, 
besides the dark colour, diminished consistency, and increased 
Tolume of tho pulp, we perceive a distinctly lobed or rather 
tuberous condition of the surface of t}ic organ. Each of these 
elevations corresponds to the area of distribution of a splenic 
'arteriole (peniciUui), while the tnten^ening depressions coincide 
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vritli tbo insertion of tlie larger trabecule, these taking a longtf 
time to accommodate themselves to the enlargement of the organ 
as a whole. Tlio capsule too does not admit of any very Budden 
distension. In my notes of Virchow's practical cxiorse (Beriin, 
1857-5S) I find a case of splenic leukh^mia in which the spleen 
(in tlie stage of parenchymatous congestion) was swollen till it 
measured one foot in length, two inches in thickness, and five 
inches in width ; and in consequence of this, a rupture of the 
capsule had occurred. The fissure, masked by clotted blood, 
was three lines in length, and passed at each end into a com- 
mencing dissociation of the capsular fibres, preliminary to in 
extension of the tear. 

§ 180. As the disease advances, an overgrowth (hyperplasia) 
of the Malpighian bodies — or as we must call them nowadays, 
the lymphoid sheaths of the arteries — developes itself more 
and more. The first step in the process is an accumulation 
of leucocytes in their interior, produced by fission of those 




Cut surface of spleeii In the second etage of lenkbtDtnic swell- 
ing. Entailment of Malpighian bodies. Atropbj with 
pigmentation of the polp. 

already present. This proliferation is followed by a dilatation of 
the delicate fibrous reticulum between the cells, and subsequently 
by a proportionate formation of new capillaries, so that the 
enlargement of the Malpigliiau bodies really implicates every 
one of their tlirce constituents, and must therefore be regarded 
as a true overgrowUi, Tlie Malpighian bodies are now very 
distinct on the cut surface of the spleen as white, toUgh, resist- 
ant nodules ; they exhibit, more often than under normal con- 
ditions, a tendency to bifurcate, nay even to break up into a 
number of branches, a proof that they have not only increased 
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, thickness, but Iiavc also extended either upwrnds or down- 
■ds along the vessels to wliich they are attaehed (fig. 69). 
The overgrowtli of the Malpighian hodies naturally contri- 
Ds a new element to tho existing causes of splenic cnlargo- 
it. The spleen attains the greatest length, breadth, and 
ickness of which it is susceptible. Inasmuch however as the 
rbid phenomena must run their course in a space limited by 
size of tfie splenic capsule, it U self-evident that degenerative 
langes must coincide with the hyperplastic processes in order 
make room for tlie latter. Tlie fonner chiefly affect the pulp, 
which, wedged in between the continually growing Malpighian 
bodies, perishes in large portions at a tinia This is always asso- 
ciated with an abundant production of pigment, wliich reaches 
its maximum in tho Immediate neighbourhood of the glistening 
Slalpiglitan bodies, gi^'ing rise to an exceedingly variegated 
" granitic" marbling of the cut surface. The consistency of tlie 
organ conforms to that of its chief constituent'}, the Malpighian 
bodies ; it becomes peculiarly tough, more than leathery, almost 
wooden. In addition to all tliis, we have chronic inflammatory 
changes in tlie peritoneal coat which give rise either to sinootJi 
or reticulated tliickeninga of cartilaginous hardness, or else to 
highly vascular membranous adhesions connecting tho spleen 
with the nearest abdominal viscera. 

5 181. With splenic leukhtemia Virchow contrasts that rarer 
form to which ho gives tlie name of lympliatk leukiimmia ; it is 
characterised from the first by the predominant way in which tho 
Emphatic glantls are aff'eeted, while the splenic tumour is either 
Secondary or altogether absent. The glands do not all swell at 
once ; the disease usually begins in an inguinal or axillary gland 
and spreads first to all the glands in tlie same region ; It then 
extends inwards in tho direction of the tlioracic duct, involving 
the niediaatinal or reti'operitoneal groups of glands ; then other 
peripheral glands take on the morbid action, until every lym- 
phatic gland in the body is more or less enlarged. Tlie indi- 
vidual glands often attain from thi"co to five times, occasionally 
even ten times their natural size. Nevertheless, an anatomical 
investigation shows nothing beyond a simple overgrowth in 
over}' cose. Tins indeed is clear enough from tho fact that even 
in cases of extreme enlargement the lymph-paths remain open, 
wid tho lymphatic sinuses of the gland can be injected both 
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from the afferent lymphatics, and by direct puncture. An exa- 
mination of thin sections which have been pencilled out shows 
nothing which might not occur in a normal gland ; fine-meshed 
reticulum made up of diin, lustrous threads, permeated by 
capillaries and occupied by lymph-corpuscles. We notice only 
that the cortical nodules (Rindenknoten) and the medullary 
cords (Markstrange) are far broader, and the capsules and septa 
of connective tissue far thicker than they usually are. W. 
Muller asserts that in hyperplastic enlargements of the lymphatic 
glands the delicate network of connective-tissue corpuscles which 
permeates the lymphatic sinuses of the cortex and the lymph- 
paths of the medullary substance, shows itself to be the essential 
histioplastic element, inasmuch as new layers of medullary sub- 
stance, in addition to those already present, are more particularly 
developed in its neighbourhood. I believe that this is principally 
true of leukhaemic overgrowths. (See below.) 

§ 182. The pathological histology of leukhaemia is not ex- 
hausted with the consideration of these hyperplastic conditions 
of the spleen and lymphatic glands. The implication of other 
organs suggests that we ought rather to view those phenomena 
merely as the expression of a general tendency to the develop- 
ment of new lymphadenoid tissue. The presence of a certain 
quantity of unformed connective tissue seems in fact to be the 
only condition needful for the occurrence of the characteristic 
alterations. The cells proliferate, and form cu*cumscribed deposits 
of variable size, which are white to the naked eye, and which 
can only be distinguished from small collections of pus by the 
circumstance that the cells are embedded in a network of delicate 
fibres of stiffened protoplasm, which leaves enough space round 
the cells for the transit of nutrient fiuid. It need hardly be said 
however, that this very reticulum in which the cells are embedded, 
and which distinguishes the leukha^mic product firom a collection 
of pus, assimilates it to the lymphatic glands, raises it to the level 
of lymphadenoid tissue. (C£ leukhaBmio swelling of the liver, 
kidneys and serous membranes in the corresponding chapters of 
the Special Part of this work.) 

3. MelancBtnia. 
§ 183. In the melansemic dyscrasia, certain pigmentary par-> 
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les are found among the usual floating constituents of the 
bloocl; in well-marked cases, they occur in every specimen of 
blood taken from the heart's cavities. Tlieir shape ia very irre- 
gular; they are made up of yellow, brown, but most commonly 
~ black granules; most of tliam ai'e small, smaller at least than 
blood-corpuscles ; others aro larger, and a few even exceed 
red corpuscles considerably m size. 

Here and there we may succeed in demonstrating a trans- 
parent, colourless membrane investing the pigmentary aggregates 
and filling up the irregularities of tbeir surface. In rare instances, 
&i3 membrane is of considerable thickness, and theu exhibits a 
concentric lamination. 

§ 184. In the General Part of this work I spoke at length 
about tlie mode In which pathological pigments originate. The 
remarks I then made are perfectly applicable to the pigmentary 
particles of melana?mia. They are derived from the colouring- 
matter of the blood, and consist of condensed and altered liasmatin 
precipitated iu a granular form. Both the circumstances and tlio 
locality of their production may be determined with some approach 
certainty. Melana;mic pigment originates chiefly in the 
fflpleen, under the influence of the malai'ial cachexia (cachexia 
* intermittent fever). 

The morbid anatomy of intennittcnt fever starts Irom an 
[Botive congestion of the liver and spleen. Both of these organs 
may attain a very considerable size in consequence. Neveilhe- 
less, it is only afler the h^'pcrxmia has lasted some time that signs 
of permanent disorganisation occur. One of these, a difi'use 
interstitial overgrowth of connective tissue, we shall become 
cucqnainted with among llie diseases of tie liver as an induration 
[■of that organ. The spleen may either exhibit a kind of softening 
lof its entire pai-enchyma, or an indurative condition which starts 
im a thickening of its capsule and trabecular network. In 
are cases, such as (thanks to the general use of Peruvian 
irk) only occur sporadically in Germany, this is associated with 
B deposit of pigment boUi in the liver and in the spleen. 

This is directly traceable to the above-mentioned excossivo 

and prolonged congestion of both organs. In the liver, the 

fipigment makes its appearance just outside tlie vessels ; number- 

^less minute extravasations into the capsule of Glisson and the 

'patic parenchyma form the starting-point of the process. In 
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the spleen, whose peculiar stnictnre exdades the possibility of 
extraTasation, since the blood could onlj' be extravasated ont of 
one of its natural channels into another, the pigmentation occars 
in tiie intervascular cords of the pulp — in those parts therefore 
-where the blood flows most slowly. Even under normal condi- 
tions we may here observe the development of pigment-cells and 
blood-oorpnscle-holding eella (cf. note to § 57), In the pig- 
mented spleen the intervascular cords are so thickly packed with 
the black, flaky masses (flg. 70, b) that the oi^an presents even 
to the naked eye a colour varying from slate-grey to black (the 
milna nera of the malarious districts of Italy). 

From hence the pigment-flakes make their way into the 
blood. We know that the intervascular cords are not shat 




The melontemic spleen TrauBverBe section from the middle 
of the organ a The caTemous Terns of the spleen; b. 
The inteiTasonlar cords contaming pigment i c. A branch 
of the splenic artei? -^ 

off from the cavernous veins by an impermeable membrane 
(fig. 70, a) i we regard the former in the light of a filter with 
very fine pores intercalated between the arterioles on the one 
hand, and the venous radicles on the other, and which, in the 
spleen, takes the part of the capillary vessels and parenchyma of 
other organs. During this filtration the pigment-flakes are 
torn from their place of origin and pass into the blood, where 
their presence gives rise to the melanmieeo dyscrasia. The black 
partidos are accordingly carried wherever the blood itself pene- 
trates. We find them in all tlie organs of the body, especially 
in those which are characterised by the nairowneoa of their ON>il- 
laries, e.ff. in the brain. AH tiie flakes cannot pass thnm^^ thii 
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^gan ; the largor ones are arrested in tramitu. Tlie vessels give 
way behind the point of obstruction ; htemorrhagc, inflammation 
and softening ensue ; in short we get a sum of anatomical dis- 
tiirhnnccs associated with most severe clinical symptonis. The 
ivtia mirabilia of tho kidneys are likewise unfavourable to the 
fi-ee transit of the piginentarj' particles; at least these organs 
stand nest to the brain in the frequency with winch they exhibit 
mclansmic pigmentation, in the form of black dots and stria 
in their cortical substance, corresponding in position to tho Mal- 
ptghiau bodies and their afferent vessels. 



ib. COAQDLATIOK OF BlOOD IN THE VESSELS (TlIBOMBOSIs). 

§ 185. One of tho most important chapters of general patho- 
■]Dgy is taken up with tho causes and consequences of tho eoagu- 
Ution of blood in tho interior of the vessels. Wc stiall content 
ourselves with so much of it as is noedfiil to understand tho 
histology of the proces!!. 

Coagulation is determined by two conditions ; retardation of 
the blood-eurrent, and irregularities on the mner wall of the 
\'essel which increase the friction between it and die passing 
blood. Thrombosis often complicates many of those diseases of 
the vessels to which the ensuing section will he devoted. But 
coagulation from increased friction may indeed be often if not 
always referred to coagulation from stagnation ; and that 
wherever the irregularities in question afford oven the smallest 
reoesses in which the blood may pause. We shall return to this 
subject whcp we speak of endocarditis. 

5 186, TIio proximate cause of coagulation is in every case a 
precipitation of fibrin from tho blood. Tlio fibrin h not con- 
tained in tlie blood as such ; it is produced during the act of 
coagulation itself. A. Schmidt has established the interesting 
I lact that the blood-corpuseles contain an albuminoid substance 

I (globulin, fibrinoplastic matter) which forms an insoluble com- 

pound with a similar body (fibrinogen) contained in the liquor 
saaguinis, whenever tho obstacles to coagulation are removed, or 
^^^ conditions favourable to coagulation arc present. Tills insoluble 
^^^^compound is what wo cjill " fibrin." 

^^^K Recently precipitated fibnn is a colourless substance much 
^^^^BWolleQ by imbibition. Two parts of fibrin in a thousand are 
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enough to give the coagulum a jelly-like consistency. Recent 
fibrin is invisible under the microscope owing to its great homo- 
geneity and transparency. These properties begin however to 
be modified from the moment that coagulation has occurred. 
The molecules of fibrin possess so high a degree of mutual attrac- 
tion, that the mass continues to shrink, squeezing out more and 
more of the fluid contained in its meshes. A highly character- 
istic change in the microscopical appearances is associated with 
this separation of the solid and liquid constituents of the clot ; in 
the homogeneous mass above alluded to, a number of little gaps 
and fissures make their appearance, between which the solidify- 
ing fibrin remains as a more or less delicate network composed 
of round threads. 

§ 187. The above change may be observed wherever the field 
is not obscured by too great an abundance of corpuscular ele- 
ments. But this is almost invariably the case when blood 
coagulates in the vessels. Red and white blood-corpuscles in 
vast numbers are entangled in the coagulated fibrin and mask 
the microscopic details of coagulation so completely, that we are 
unable to make out anything even in the finest sections through 
a hardened thrombus. We may consider it as settled that a pre- 
cipitation of fibrin underlies thrombosis ; that the subsequent 
contraction and the peculiar desiccation which the thrombus 
undergoes are certainly due to the above-described changes in 
the fibrin ; but the microscope fails to demonstrate the presence 
of fibrin among the innumerable cells of the intravascular 
thrombus ; and I may add that this fibrin never subsequently 
reappears. 

§ 188. The recent thrombus is always of a dark red colour 
and a jelly-like consistency, like any other blood-clot. Its shape 
depends on that of the cavity in which coagulation has occurred. 
C}'lindrical plugs are very common, occupying the entire lumen 
of a small vessel or one of medium size, and terminating in a 
conical point at the end turned towards the still pervious part of 
the channel (obstructing thrombi). Other clots do not block the 
vessel completely, but adhere to one side of its wall, exhibiting 
more of a ribbon-like aspect with a tongue-shaped end (lateral 
thrombi). Farther modifications are brought about by the 
lecondary precipitation of fibrin which is eveiywhere caused by 
existing coagula when these are immersed in the blood-current. 
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ij^er upon layer is deposited, and by this continuous coagulation, 
a lateral thrombas may easily be converted into an obstruct- 

ig one ; aud Snd, the coagulation may spread from one vessel 
its neighbours. In tho latter event, the intruding clot will 
first bo lateral, then obstructing, &c. The size and sliapo 

'hicb the thrombus may ultimately assume cannot be determined 

priori, and ean only be pre<lieted with some de^jee of certainty 
a few cases, e.^. after ligatiuT) of arteries. With reference to 
tliese wo have the following law to guide us: tho coagnlation 
nerer extends beyond the nearest pervious collateral branch, 
whether in a peripheral or a central direction. The peripheral 
coagulation is not as a rule of much moment ; since, owing to the 
complete contraction of tlio arterial walls it usually forms a 
■Under and barely perceptible thread. 

5 189. We may now proceed to consider the farther changes 
which occur in thrombi. A few prcliminaiy remarks ara indis- 
pensable however, about certain differences i'« iheir primary 
ttructure. Much depends on whether a thrombus has been 
formed rapidly, by some sudden accident, as e.ff. when a vessel 
^jfl tied and a certain quantity of blood, suddenly cut off from tho 
'Bnt, coagulates forthwith ; or whetlier it has been produced 

lore gradually. In tho former ease the colot:i'less and red 
'corpuscles ore so equally distributed throughout the clot, tliat 
on examining sections of it we £nd tlie colourless elements 
distributed at regular intervals throughout the moss of red ones. 
It is far otherwise where the coagulation begins and goes on 
.gradually and slowly. As examples of this latter mode, wo have 
the coagulation which begins in the superficial vessels of an 
amputated stump affected by diphtheritic inflammation, and 
which gradually spreads upwards into the veins ; the tlm)mbosis 
which occurs in tiie left auricle in cases of mitral contraction ; 
thrombosis in varicose ^'eins and aneurisms. In all these cases, 
with which we shall become more familiar when we study the 
diseases of tlie vessels, what is known as the " viscosity" of the 
colourless corpuscles comes into plaj", giving rise to a concentric 
lamination of tlie clot. The colourless corpuscles are glutinous, 
ie. their protoplasm tends to adhere to solid bodies, to penetrate 
into their pores. Most of all does it incline to unit© with the 
protoplasm of other leucocytes ; ao in the compai-atively sluggish 
current of the veins we not unfrequently find tho white blood- 



224 HOBBID STATES OF THE BLOODj BTC. 

oorpuscles joined In pairs; and it is onlj on account of the 
rapidity with which the blood is forced through the arteries, and 
repeatedly transmitted through a system of innumerable canals 
of very narrow calibre, that no permanent union between these 
elements normally occurs. 

Assuming that a clot has reached a certain size, and that a 
fresh layer of coagulated blood has just been deposited upon its 
surface, it is clear that of all the blood-corpuscles which are 
carried past it, the colourless ones, owing to their glutinous 
properties, will be the first to adhere to it, and to become station- 
ary in its outer parts ; just as in Recklinghausen's experiments 
on suppurative inflammation, excited by the introduction of a 
finely-porous body into the subcutaneous tissue, the pus-cor- 
puscles penetrate into the pores, and thickly infiltrate the margins 
of the foreign body. Well, a layer of leucocytes is deposited 
which clothes the thrombus for a time, until a fi*esh deposit of 
red coagulum takes place. Li other words, the blood coagulates 
by fits and starts, and between each recurrence, a large number 
of leucocytes have time to attach themselves firmly to the surface 
of the dot. 

On making a transverse section through a clot of this kind 
we see at once that it is permeated in every direction by a system 
of transparent lines which exhibit a more or less distinctly con- 
centric arrangement These lines correspond to the cross section 
of the layers of leucocytes which alternate with broader layers 
of ordinary red blood. We must accordingly distinguish between 
two kinds of thrombi, basing our division on the differences in 
their primary structure : 

1. Non-laminated thrombi, originating in the sudden coagu- 
lation of an isolated quantum of blood* 

2. Laminated thrombi formed by an intermittent, gradual, 
and long-continued coagulation. 

§ 190. A clot is susceptible of further metamorphosis in two 
different directions, that of organisation and that of softening. 
Organisation^ or transformation into connective tissue, has hitlierto 
been chiefly studied in the non-laminated thrombi of the larger 
vessels. The following account must therefore be understood to 
apply to these only, and must not be supposed to include the 
organisation of laminated dots, concerning which we aro at 
preient entirely ignorant The thrombus attains its maximum size 
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iftor coagulation has taken placo, wlion it still exhibits 
Qie dark-red colour and jelly-like consistency of a recent clot. It 
continues to contract from day to day till it ahrinka up entirely, 
and after the lapse of a few months disappears, leaving not a 
trace ofitsformer presence behind. This continuous decrease in size 
is associatedwithiidecolorisation and condensation of its substance; 
it loses its original dark-red hue, until at length it comes to bs 
only a shade rodder than the wall of the vessel which contains it ; 
it grows drier and more tough ; whereas originally it lay loosely 
upon tlie walls of the vessel, at a later period it blends with 
them, assuming the character of a little ping of connective 
tissue, which seems rather to belong to tlio surrounding con- 
nective tissue and the wall of the vessel than to tlie blood. The 
progress of these alterations as seen by the unaided eye is eluci- 
dated by the microscope as follows : 

S 191- I have already said that in the recent non-laminated 
thrombus the colourless corpuscles are distributed among the 
red ones at tolerably uniform intervals. It useil formerly to be 
supposed that all further changes started from these colourless 
elements. At the present day, the organisation of clots, in com- 
mon with many other morbid processes, is explained by the 
activity of migratory corpuscles. Artificial thrombi have been 
pnxluced by tying arteries in the lower animals; cinnabar has 
then been injected into the blood, and its leucocytes impregnated 
with this finely-gi-anular material, which is easily recognisable 
under the microscope. It was found that those cells from which, 
on the second or third day after the occurrence of coagulation, 
the organising process appeared to set out, contained cinnabar ; 
the Jne\-itablc inference being that they had migrated into the 
clot from without. Those eclls then put forth processes in 
various directions winch meet one another and unite to form a 
delicate protoplasmic network with nuclei in its nodal points 
(6g. 71, h.) Even at this stage the structure of the clot might 
bo compared to that of a connective substance ; its corpuscular 
elements being represented by the leucocytes, and its inter- 
cellular substance by the mass of red blood-corpuscles and the 
fibrin. And tliis, if tlio phrase may he allowed, is the fundamental 
idea which underlies the whole organising process and whicli 
tends forthwith to realise itself. 

Shortly oiler thia primary differentiation haa taken place, the 

15 
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Tascolarisation of the thrombuB begins.* This coDfbrms to tbo 
" tertiary " typo, ue. His opening up of capillary channels along 
the threads of tlie protoplgsmic network. A more or less com- 
plete Vascularisation may be demonstrated in every thrombus 
over eight days old, whether by injection, or by the examina- 
tion of fine sections. The vessels are thin-walled capillaries 
with alternating nuclei (fig. 71, a) ; they get their blood mainly 
from the still pervious portion of the occluded vessel itself, 
whither also tlioy return it, until other anastomoses are deve* 




Transverse Bection through b clot prodnced bylig«tnre of tho 
craral artery, thirt j-seren days after operation. Hardened in 
alcohol. Treated with dilate acetic acid and then irith a littlo 
ammonia, a. Capillaries -, b. The cell-networlc of the colonr- 
Icsa blood-corpoBcles. In the basiB-sabstance we see the 
ontlincB of the red corpuscles. 

loped, tliough still in scan^ nnmbcr, witli the vasa vaeorum. 
An indispensable preliminaiy to the formation of such anasto- 
moses is the perforation of the non-vascular tunica intima of 
the vessel, separated as it is from the middle coat by its homo- 
geneous limitary membrane ; and this is clearly a harder task 
for natmre to perform than we might at first imagine it to be 
(fig. 72). 

§ 192. The vascularisation of the clot guarantees it a more 
durable and organic connexion with the body ; it becomes hence- 
forth a member of the series of vascular connective tissues. But 

* See 0. Wthar, Handbnch der Allgemeinen imd Specidlen Chinii;pe, 
ndig. vm PiOa nad fOIrotk Bd.L,Liefflnuigl,p. 14S. 



THROMBOSIS. 



227 



«r do matters stand with regard to the intercellular substance 
of Uiis very pccitliar connective tissue ? 

The red corpuscles together with tlie fibrin maka up the bulk 
of the recent thrombus. Hence it is to alterations in them, that 
such changes in the clot as we are able to trace witli the naked 
eye, must bo chiefly due. The rapid escape of colouring matter 
,&om the red corpuscles explains the dccolorisation of the clot ; 

Fig. 72. 







sta ahriuking and increased dryness are due to tho contraction of 
the fibrin and the consequent expulsion of the contained fiuid. 
What remains therefore ia — Ist, instead of every red corpuscle, a 
flake of colourless protoplasm ; 2nd, the fibrin as an invisible 
but nevertheless very finn cement which binds tliesc flakes 
together. The two form a mass which ia not easily torn 
Aod which is never fibrous ; firom the first until about the 
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eighth week this constitutes the basis-substance of the thrombus. 
Moreover the original character of its constituent elements con- 
tinues to be recognisable for a long time. In a thirty-seven 
days' old thrombus after ligature I found the decolorised blood- 
corpuscles so little altered in shape that their numbers entirely 
masked the vessels and connective-tissue corpuscles ; and it was 
only aft»r adding acetic acid, which made the whole specimen 
swell up violently and obliterated the outlines of the blood-discs, 
that the network of vessels and cells became distinctly visible. 
Then indeed its likeness to a vascular coimective tissue became 
unmistakeable ; and I do not scruple, on the ground of its 
reaction with acetic acid, to admit the direct conversion of the 
stroma of the blood-corpuscles into the basis-substance of con- 
nective tissue. I may add that even after the addition of acetic 
acid, a judicious neutralisation with ammonia rendered the out- 
lines of the blood-discs once more distinct, so that both the con- 
stituent elements of the thrombus, the network of cells and 
vessels on the one hand, and the former blood-corpuscles on the 
other, could be seen side by side (fig. 71). 

§ 193. The remaining histological alterations may be viewed 
as a cavernous metamorphosis (see § 129) of the thrombus. It 
used in former days to be described as a " sinus-like " (sinus- 
artig) degeneration. The blood-vessels grow wider and wider, 
while the parenchyma between them disappears and is replaced 
by a moderate quantity of colourless cicatricial tissue arranged 
in concentric laminae round the vessels. At a certain stage in 
the process the cavernous structure is exquisitely apparent (fig. 
73). The vessels continue to grow wider and the septa between 
them thinner, until they wholly disappear and the thrombus 
accordingly ceases to exist. 

§ 194. The softening of thrombi contrasts with their organi- 
sation in much the same way as suppuration contrasts with 
organisation in the case of inflammatory products. Tliis remark 
applies to the clinical significance, as well as the naked-eye 
peculiarities of the process. As regards the latter, a decolorisa- 
tion of the primarily dark-red thrombus, plays here, as during 
its organisation, a prominent part. The colour begins to 
fade at its centre, and the decolorisation spreads fcom this 
point to the circumference; it is associated with a certain 
degree of condensation which is not however, as it is during 
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Korganisation, a permanent, but a transitory phenomenon, and 
passes straightway into the opposite condition, that of softening 
and liqaofaction ; accordingly we find at a certain stage in tlie 
process a yellow fluid not unlike pus occupying the interior of 
the clot, and enclosed in a comparatively tough, flesh-coloured 
layer which adheres firmly to the wall of the vessel. The cir- 
enmstance that softening occurs chiefly in laminated thrombi 
gives rise to various modifications in the anatomical appearances. 
1e strata of colourless corpuscles sometimes exhibit a singular 




Part of a transverse sectiou througb an arterial tlirombua three 
months old. o. Middle coat (ita innermost layers only) ; 
h.' Lamella wliich separatea the middle from the inner 
coat; c. Intima; d. Lino of dcmarcatioa between the 
intima and the thrombus ; e. Thrombus ; /. VoaBela cut 
across ; epithchum very <3iatinct. ^. 
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proneness to take part in tlie softening, while at others they 
ofier the longest resistance to disintegration. In the former 
case, the connexion of the colourless colls witli one another is 
early broken. Even before the i"cd corpuscles liave had time to 
part with all their colouring matter, the tlironibus breaks up 
into a reddish-grey pulp which may resemble anything between 
"topped meat and the lees of wine, 

If on the other hand the white corpuscles offer a more defer- 
led resistance than the red ones, wo iirst of all get a mass of 
cheesy colour and consistency, passing at a later period into a 
more spongy or loculose deoompositioii of tlie whole of the 
softening thrombus. 
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§ 195. I bare also endeavoured to ascertain tlie hiHtological 
detmis of ihe Boftening process. Fig. 74 represents a transTerse 
section through a laminated coagolom, the centre of which ha» 
already nndergone softening. The upper part of the drawing 
shows the boundary-line between the outer layers of the dirom- 
buB which are still solid, and its central portion which is already 
diffluent. The lower part shows the almost mathematical regu- 
larity with which the colourless dissepiments and the layers of 




Prom a section through a eoftcning thrombus, a. Layers of 
red blood-discs; h. Coloarlcss layers consisting of white 
blood-corpusclcs fiiscd tt^ether; e. The cavity due to 
tioftening. ^. 

rod blood which they enclose alternate with one another. On u 
level Avith the softening edge of the clot the colourless stris pass 
into rows of independent leucocytes, while the compact masses of 
red discs lose &eir cohesion and mingle with the fluid products 
of softening. They hare already lost their colouring matter and 
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IwTe become doudy, so ;that they can hardly be distingoished 
fimn the white corpoBolM proper ; theur stroma now becomes 
diasolyed as well, giving the fluid prodaets of softening a 
mucoid, often stringy consistency. The colourless cells also 
break up into minute granules. The resulting liquid contains 
therefore as a rule nothing but granular d&ris and oQ-globules ; 
.nd to these it owes it> jellowish-grey pnriform aspect; true 
pus-corpuscles (even if we include the colourless corpuscles of 
the blood under this name) occur only in very small number, 
and there is no question of any proliferation of corpuscular 
dements ; so that to call the softening of thrombi a suppuration, 
though it does convey some idea of the naked-eye appearances, 
fails entirely to hit the essential nature of the process. 

§ 196. The softening of thrombi is in more than one respect 
dangerous. First among possible mishaps, we have the chance 
that wherever the clot is freely exposed to the blood-current, bits 
of it may be detached and carried away. Should this come 
about, the fragments may be carried with the stream (a) from 
the radicles of the vena cava through the right heart into the 
lungs ; (b) from the radicles of the pulmonary veins through the 
left heart into various organs of the body ; (c) from the radicles 
of the poi*tal vein into the liver. The distance to which they 
penetrate into the circulatory tract which they have entered 
depends upon their size. It is obvious that only particles no 
bigger than blood-corpuscles can travel without hindrance 
throughout the whole circulatory system. Any particle of 
larger size than this must be stopped somewhere or other, 
blocking the vessel in which it is arrested (Embolism). 

Much might be said about the course emboli prefer to take. 
In the lungs they most frequently select those long, straight 
branches of the pulmonary artery which run along tlic inner 
surface of the middle and lower lobes to their edges and the 
neighbouring parts of their external surface. In tlie systemic 
circulation the larger emboh most frequently select the popliteal 
and Sylvian arteries. The embolus in these cases appears to 
follow the most direct route, that in which there are fewest 
turnings. It seems to happen not unfrequcntly that an embolus 
is driven against the projecting angle between two bifurcating 
divisions of an artery, and there broken up into smaller frag- 
ments like a floe of ice against the piles of an ice-guard. These 
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fragments are distributed among the-Jbranches below the point 
of bifurcation. This affords an adequate explanation of multiple 
embolism in some one part of an organ while the rest is mi- 
affected, as eg. of a single Malpighian pyramid of the kidney, 
or a single lobule of the lung. Finally 0. Weber*s researches 
have established the fact that minute emboli may pass through 
the pulmonary capillaries to be ultimately arrested in the nar- 
rower capillaries of the kidneys. • 

§ 197. The consequences of embolism, the morbid changes 
which are produced in the organs whose vessels are plugged, 
will be more fiilly discussed in another part of the present work. 
I may say generally however that the primary and immediate 
consequence of every embolism is anaemia (ischaemia, arrest of 
blood supply), but that this bloodlessness is immediately followed 
as a rule by extreme congestion. The more complete the ana- 
stomotic connexion of the plugged vascular area with neighbour- 
ing regions, the better is it fitted to play the part of a ooecal 
appendage, a diverticulum of the circulatory apparatus, which is 
replenished with blood £rom every side, but which possesses no 
adequate outflow, so that the tension of the blood in its interior 
is higher than in all die other capillaries of the body. This 
secondary hypenemia may lead to rupture of vessels, to haemor- 
rhagic infarctions ; in any case the blood stagnates ; it is not 
renewed and nutrition comes to a deadlock. The consequences 
of embolism therefore are all essentially bound up with disturbed 
nuti-ition; not a few indeed present the characters of true 
necrosis. (Cf. Metastatic abscesses of the lung, the liver, the 
kidneys, embolic necrosis of bones, yellow softening of the 
briain, &c.) 

c. Inflammation and Tumours. 

§ 198. The possibility of an inflammation of the blood 
(haemitis — Piorry)^ was at one time seriously discussed. The 
increase in the number of leucocj'tes wliich may be shown to 
accompany leukhaemia, caused Bennett in particular to assume 
that the blood as a whole underwent suppuration. All such 
theories however must be rejected by us, were it only on the 
ground that the contrast between blood and paienchymay between 
nutriens and nutriendumj is indispensable fi>r our <xmoeptioii of 
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iflammation. Hcnco we can only admit the existence of in- 
R^animatoiy — and we may add, of neoplastic processes generally 
■ —in those organs where tlic blood-corpuscles originate, viv., the 
lymphatic glands ; on tlie other hand, we not only admit, but 
most distinctly aiflrm, that such inflammatoiy action may influ- 
ence and alt«i' the composition of the blood itself. 

1 1U9. A former attempt to define tho leading characters of 
lympliadenoid tissue led us to the conclusion that it could not 
be better described than as a tissue in which an early phase of 
d6velo])ment — a phase very nearly allied to embryonic tissue — 
had become in a measure permanent. This circorastance must 
bo borne in mind when we see how readily the lymphadcnoid 
tissue may be induced to dcvelopc in any direction whatever, 
wlien prompted by an appropriate stimulus. Should the organs 
from wliich tho lymphatic glands derive their lymph be inflamed, 
tliis may give rise to suppm'ative, caseous, and indurative lym- 
phadenitis; the specific inflammations are all reproduced in the 
corresponding lymphatic glands ; e.g. tlie syphilitic gumma, tlio 
miliary tubercle, Uie typhous product (§ 112); finally, almost 
all tho carcinomata implicate the nearest lymphatic glands as 
a first step towards infecting the entire organism. Moreover, 
the morbid product, whafcror it may be, manifests itself in the 
Ijmphadenoid tissue with a simplicity and completeness often 
lacking in the primary growth ; to this rule there are but few 
exceptions ; and honco it is that the lymphatic glands may be 
recommended as especially adapted for the investigation of the 
proper elructure of a tumour. Tliis howei'cr must not bo taken 
to mean tliat the lymphatic glands are equally favourable for the 
study of the development of morbid growths ; on the contrary, 
tills is just tile point at which our knowledge fails ua most, as 
will bo clearly enough seen from tho following summary, 

§ 200. I. Acute lymphadenitis. The internal condition of a 
lymphatic gland wliich, owing to inflammatory changes in the 
area of distribution of its afferent lymphatics, has become mode- 
rately swollen and tender, may bo taken broadly to consist in 
hypenemic distension of its vessels, together with an increase in 
the number of its contained lymph -corpuscles. Whence are these 
corpuscles derived ? We may adopt one of three hypotheses to 
account for tho fact, and bring very weighty analogies in sup- 
f each in torn. For instance, we may assume a migration 
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of lencocjtes to take place firom the diBtended vessels ; or a pro- 
liferation of tlie existing cells ; or a transmigration of corpus- 
cular elements from tlio seat of inflammation. It is unfortunate 
that we cannot decide which of the three views is the right one ; 
for the settlement of this question would be most important for 
our knowledge of the physiological function of the lymphatic 
glands. On a priori grounds we are tempted to believe in an 
autochthonous proliferation of the lymph-corpuscles. We may 
very plausibly suppose that we have before us only a quantitative 
excess of the normal proliferative activit}' of die gland ; of that 
process whidi satisfies the physiological requirements of the 
blood for young elements, and whose increased activity is per- 
haps intended to compensate for die disproportionate loss of 
colourless cells caused bv their mim*ation from the vessels in the 
inflamed region. But since erroneous preconceptions would in 
diis matter be peculiarly hurtful, we must rigorously confine our- 
selves to the most temperate statement of observed facts. 

According to Billroth (fig. 75) a section through the gland 
(after hardening), from which the cells have been thoroughly 
removed by pencilling (or better still, by shaking), shows a verj- 
marked overgrowth of that system of sofl, protoplasmic, stellate 
corpuscles which is stretched out between die walls of the lymph- 
sinus. Tlie cells swell up in due form, diey anastomose more 
freely with one another, their processes grow thicker, and the 
nodal points more numerous. A luxuriant proliferation of the 
nuclei accompanies diese changes, so that we finally get the ap- 
pearance of multinuclear giant-cells, connected widi one another 
by broad anastomoses. Tlie reticulum in the interior of die lym- 
phatic cords and nodules (Lymphstrange und Lyniphkolben) 
remains at first quite passive in presence of the comparative 
abundance of the infiltrated cells. A large number of its finer 
threads are torn across, and the whole tissue conies to consist of 
only a limited number of main trabecule, which seem to be rather 
stouter than usual. It is only when die swelling takes place 
very gradually that all the trabecular of the reticulum undergo a 
reactive overgrowth ; of diis I shall say more anon. As die 
reticulum disappears the lymph-corpuscles form globular aggre- 
gates of lai^r size. Such aggregates exist here and there even 
in the normal lymphatic nodules; now however tliey per- 
^BAate the whole of the glandular parenchyma. These globular 



ACUTE LYUTPnADENITIS. 



23rj 



Fic. 75. 



masses of cells oaght certaiDly to be regai-dod as centres of 
proliferation, althongh this does not admit of being directly 
proved, Wbether the above-described trans foiination of the 
^^^^ corpuscular eloments of the retiform tissue of the lymph-path 




Part of a section through tbo cervical glnnd of a dog swollen 
to the eize of a baiiel-nut in coiisequeoce of inflammatiotL 
of tbo Ijpa. artifidnll; excited, rhi' After BillroDi. Bhon- 
inf; tho septum of connective tissue, the siuus tcrminalis 
and the marginal row of Ijmphatic nodules (Lymph- 
kolbeu). 



into gllant-cells admits of 
doubtful ; the earlier stages 
of the nuclei and increaae in 
patably proseot. 



a like interpretation, must remain 
of coll -proliferation, namely fission 
the amount of protoplasm arc indis- 
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§ 201. Simple swelling of the lymphatic glands passes 
directly into suppuration of their parenchyma, provided always 
that the production and accumulation of lymph-corpuscles be 
not checked in time. Not only does the reticulum of the lym- 
phatic nodules get worn progressively away, but tlie capillary 
vessels are ultimately torn across, and the corpuscular network 
of the lymph-path, rich as it is in nuclei and protoplasm, under- 
goes disintegration. The result is a richly corpusculated fluid, 
no longer distinguishable from pus, which fills all the cavities 
formerly occupied by the lymphadenoid parenchjrma. When 
this occurs in a solitaiy Ijrmphatic follicle, as e.g. in the intes- 
tinal mucous membrane, we call the resulting condition a folli- 
cular abscess ; when an entire gland is involved, we term it a 
suppurating [bubo. Its further progress comes under the head 
of suppurative inflammation and abscess-formation, as discussed 
m§ 94. 

§ 202. 11. Chronic li/mphadenitis. Chronic inflammation of 
the lymphatic glands differs from the acute form not so much in 
the slower rate of change, as in the permanent character of 
its results. Several very characteristic forms of chronic inflam- 
mation may be distinguished. First we have a true overgrowth 
of the lymphadenoid substance, which indeed is only to bo 
observed in the tonsils and the follicular glands of the fauces. 
It consists in a uniform increase in amount of all the histological 
constituents of the follicle, sc. the reticulum, the vessels, the 
lymph- paths and the cells. Each single follicle attains from 
three to five times its normal volume, without exhibiting any 
striking alterations in its texture. 

Tlie leuklia^mic form, considered above (§ 181), is most 
closely related (from an anatomical point of view), to this true 
overgrowth ; it differs from it in bearing more of a functional 
character, and also in the mode of its causation 4 for it is not a 
result of repeated catarrh of the corresponding mucous surface. 

§ 203. We come in the next place to a form of chronic 
enlargement which only occurs in individuals specially predis- 
jx)sed, and which is therefore regarded as pathognomonic of 
what is known as " Scrofiilosis.'* 

We employ the same word, in a more restricted sense, to 
denote the disease of the lymphatic apparatus ; since our general 
conception of scrofulosis embraces the primary lesions together 
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b the morbid state as a ivliole — tlie cotistitutiona! taiut of the 

affected person. Those primary lesions are sometimes charac- 
terised by tlieir destructive toudency, as in tlie Imigs and the 
osseouB system ; sometimes too, they exliibit no special charac- 
ters whatever. It is among the lattar group that the glandular 
affection takes a prominent place, recoiviug tho name of scrofu- 

losia kot' iio)(qv, 

S 204. The tissue-changes which result in scrofulous enlarge- 
ment of glands may be regai-ded iu the light of a partial over- 
growth of tho gland-substance, in so far as they consist, not in 
a uiiitbrm increase in bulk of all its structural constituents, but 
in a multiplicsition and enlargement of the cells only, which make- 
up tho " encliyma" of the gland. I lay emphatic stress on the 
enlargement of t!ie individual elements which accompanies their 
increase in number, because it appears to me that this enlarge- 
ment is not only a constant phenomenon, but one which stands 
in an intimate relation to tho numerical increase. For iu the 
interior of the enlarged lymph- corpuscles a nuclear proliferatiou 
and endogenous cell -development take ])laee, like that which we 
liave already seen in t!io cells of tubercle, and that with which 
we shall hereafter become acquainted in tho " typhous" deposit. 
It is interesting to trace tho sequence of the morbid changes in 
tho interior of a gland. "We find that the first parts to become 
atfeeted arc those which are on the tmmedtato brink of tlie stream 
of lymph, and which are consequently tho first to be exposed to 
tlie patliological irritant brought from the jjeripheral seat of 
mischief. At a very eai-ly stage, tho stellate corpuscles which 
traverse the lymph-sinus (across which thoy may be said to be 
8tretche<l) begin to take part in the process by division of their 
nuclei and proliferation of now elements; this occurs partly at 
tho circumference of the gland round tlie terminal nodules 
(Endkoiben) partly in its modullarj' substance; in cither ease 
wo have an infiltrated material of soft consistency, which ap[>eara 
of a dull-gi-ey or roddish-grey hue to the naked eye, and which 
is present in largest amount, where, under normal conditions, a 
system of intercommunicating lacuna separates tho constituent 
parts of the gland from one another. As a result of this, the 
limits of contiguous lymphatic nodules (Lymphiolben) in tlie 
cortical substance, and of contiguous lymphatic trabcculas in the 
medullary substance, are wholly obliterated ; and in proportion 
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as the proper substanoe of the lymphatic nodules and trabecolae 
takes part in the pathological proliferation, the cut sorfiBuse ceases 
to present any distinction of parts, and the whole gland appears 
<K)nverted into a homogeneous substance of a dull-grey hue. 

This brings us to the culminating point of the whole pro- 
C3SS ; the scrofulous bubo is about as big as a walnut when the 
unaltered gland was no bigger than a bean ; according to the 
amount of moisture present, it may be either soft and flabby, or 
firm, elastic, and even springy. Meanwhile the process does 
not long remain stationary at this point. The newly-formed 
substance not only blocks the lymph-paths through the gland, 
but it also squeezes the blood-vessels to such an extent that the 
circulation is entirely arrested. It becomes impossible to force 
injection of any kind into those parts of the gland which are 
most swollen. With the arrest of the blood-supply nutrition 
of course ceases, and the gland falls a prey to ^^ cheesy degenera- 
tion." Where this occurs, the grey mass loses its transparency ; 
it then becomes yellowish-white, opaque, dry and friable. 
Should the entire gland have become cheesy, it resembles on 
section ^^ a fresh potato — ^not indeed so moist, but quite as homo- 
geneous, and of the same yellowish- white colour" (FtmcAow, 
Geschwiilste, vol. iL 593). 

§ 205. The fate of the cheesy glands (Tyromata) appears to 
depend in the main upon their situation. For while in the mesen- 
teric glands we nearly always observe a subsequent shrinking^ 
due to the reabsorption of whatever fluid they may still contain, 
and sometimes also a deposition of earthy salts and consequent 
petrifaction, the Ijrmphatic glands of the neck commonly end 
by undergoing softening. The cheesy deposit melts fr^m centre 
to circumference into a yellowish whey, in which fatiy-granular 
debris are suspended in flakes of variable size. When the whole 
of the cheesy matter has thus been liquefied, the parts imme- 
diately around the gland usually take on inflammatory action ; 
and this prepares a way for the escape of the " scrofulous pus." 
When this has escaped, a "scrofulous ulcer" is lefl wiUi its 
flabby, overhanging, bluish and congested edges. Finally the 
opening closes, and the point at which the abscess burst is only 
indicated by a puckered and stellate scar. 

VircJiow has recently described a third mode of retrograde 
metamorphosis which is certainly the most desirable one x>f the 
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three. It consists in the complete resolution of the cliiicsy 
matter. It takes place, in all probability, by a liquefaction of 
the gland at its periphery, followed by absorption of the result- 
ing fluid into the vessels of the capsule which are dilated by 
ooUateral hyperfemia. 

§ 2Uli. We have yet to speak of chronic induration ; a pheno- 
leiiou which bolongs to the category of iiiilammation. Attention 
has already been called to the fact that it is only the rapid 
accumulation of Ij-raph-corpnscles in the lyinphadenoid substjince 
which causes rupture of tlie reticulum ; this of course implies 
1^ converse proposition, viz. tliat a s?otp and gradual increase 
the number of the embedded cells is not followed by any such 

iBge to the retiform tissue. Nay, wc fiud the chronic oltangos 
aflsociated with a very marked '* reactive " thickening and elonga- 
tion of ail the trabecuJa: of the I'eticuluin. The latter acoord- 
ingly increases in bulk to sucEi an extent tliat the corpuscular 
clom«3its come at length to occupy very little room in coinparition, 
and the entire gland becomes tough and fibrous. 

§ 207. III. SypMlis. The indui-atcd chancre (5 110)— tlie 
primary manifestation of constitutional syphilis — ia followed by 
a chronic induration of the corresponding lymphatic glands ; 
this is known as Uie '' indolent bubo"; the induration however 
is due not so much to a hardening and qnantitative uicreaac of 
the reticulum, as to a very uniform though by no means 
luxuriant proliferation of young cells in all jmrts of the gland. 
Every vacant space is crammed with cells ; and here the matter 
ttids, at least for the time. Injection by simple puncture causes 
'a similar, Uiough of eourso only transient eulai-goment and 
hmdening of tlie glamls. This condition may remain unaltered 
for months and years together ; it seldom proceeds either to a 
more acute inflammatory activity on the one hand, or to casea- 
tion and necrosis on the other. Ultimately, however, a fatty 
degeneration of the cells sets in, the dSrig arc reabsorbed, and 
the gland returns to its normal state. 

IV. Tt/phoua d^eneration (§ 112) of the lympliatic glands, as 
a specific result of corresponding lesions of the mucous mem- 
brane, will be discussed among the diseases of mucous membranes, 
i'lho histology of the process is characterised by a cell-form which 

already been briefly described in § 112. 

§ 208. y. Sarcoma. Lymphadeaoid sarcoma has its proto- 



240 MORBID STATES OF THE BLOOD, ETC. 

type in the tissue of the lymphatic glands; hence these are 
among its most favourite localities. It begins as a simply hyper- 
plastic enlargement; at a later period it assumes its true character 
as a progressive gro>vth. Several subspecies may be based on 
its variations in consistency and colour, in rapidiiy of growth 
and malignity. The least malignant forms, whose growth is 
least rapid, and whose texture is hardest, are characterised by 
the simultaneous implication of a whole group of glands, e.g. of 
all the glands of the upper or lower cervical fossa. A highly 
lobulated tumour is produced, often of large size, every one of 
whose lobes corresponds to a swollen lymphatic gland. The 
vessels and nerves are variously dislocated, and the removal of 
the mass by operation rendered almost impracticable in con- 
sequence (Pseudoscrofulosis). 

A second variety, much softer than the first, and made up 
of larger cells, is especially prone to perforate the walls of veins 
and then to extend in their interior (cancer of veins). We some- 
times find all tlie veins in tlie front of the neck or in the groin 
filled with sarcomatous thrombi of this sort ; these of course afford 
excellent materials for embolic accidents. The precise mode in 
which this intravascular extension takes place has not yet been 
satisfactorily ascertained. From microscopic investigation one 
gets the idea that the first step is a coagulation of the blood, 
and that the farther growth of the sarcomatous mass proceeds as 
it were imder cover of this clot Others again assert that the 
clot is directly converted into sarcomatous tissue. 

A third set of lymphadenoid sarcomata are marked by 
their tendency to break through the limits of their parent-gland 
at an early period, and to cause extensive infiltrations of the 
loose areolar tissue in its neighbourhood. In rapidity of growth 
and malignity, these tumours do not yield the palm to any species 
of sarcoma, tliough they never exhibit an alveolar structure. As 
regards treatment, they ought not as a rule to be meddled with, 
altliough the observations on the fatty degeneration and absorp- 
tion of sarcomata in consequence of intercurrent erysipelas, given 
in § 92, referred to this very species. 

§ 209. VI. Carcinoma. One of the most interesting pro- 
blems in histology is the discovery of the way in which a primary 
cancer infects a neighbouring Ijrmphatic gland ; and should the 
a prion hypothesis, that it is due to a migration of cancer-cells 
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from the primary growtli, turn out to be well-founded, It is 
desirablE) to ascertain farther, the cxaet point at which these cells 
arc arreeted, and how they give rise to the first nosts of cancer- 
cclis, whether by proliferation or by infecting the adjacent lymph- 
uorpuacles. After many inveatigations specially directed to this 
point, I can only say that the transformation of the lymphadonoid 
tissue into the substance of a glandular cancer takes place very 
simply ; tbe trabecule of the I'eticulum increase markedly in 
length and Uiickness Qaat as in chronic indnration), its mcsheo 
become enlarged from ten- to twenty-fold, and are occupied by 
the specific elements of cancer instead of I j-mph -corpuscles. Tlius 
the structnre of the lympliadeiioid tissue seems to pass directly 
into that of the cancer, the reticulum Ijccoming the cancer-stroma 
while the lympli-corpuscles arc converted into cancer -cells. 

Epithelioma of the lymphatic glands presents us with pheno- 
mena of a much more complicated order. The law regulating 
the metastasis of morbid growtlis, ac that tlio lymphatlo 
glands nearest to the seat of disease are tlic first to become 
affected, is obeyed with peculiar strictness by cpitliolionia. 
Hence in epithelial cancer of tbe lips, the submaxillary lymphatic 
glands are the first to swell, in cancer of the penis or the labia 
majora the inguinal glands, in cancer of the scalp tlic cervical 
group of glands. The metastasis commonly goes no farther, as 
the e.Ttcn8ive disturbances operated in the mean wliile by the 
primarj- growtli usually kill the patient before any such further 
extension can occur. 

The BwelUug usually begins at the periphery of tlie gland. 
Tliis becomes nodulated ; one of tlie nodular projections gradu- 
ally increases in size till it incorjiorates the rest into itself. The 
gland ultimately attains from two to tlu-ee times its normal 
dimensions. In a group of glands we can usually see one which 
exhibits the first 1>cginn!ngs, another some intermediate stage, a 
third the highest degree of enlargement. The biggest lumps 
(erpial to a pigeon's egg in size), nearly always contain a central 
cyst due to softening. The smaller and smallest ones are dis- 
tinguished by their white colour and their tough, dry consistency, 
which contrasts ebarpty with tliatof the unaltered ])ortioni of tbe 
glandular parenchyma. This normal parenchyma however, at 
least in the neighbourhood of tlie smallest nodules, is normal 
oalv in acemiug. The microscope proves tltat it boa already 
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istic changes which the cells of the reticulum in their neighbour- 
hood have undergonei as a result of ^^ epithelial infectii^n"; for 
they increase in size, and their anastomoses become broaderi th& 
final result of these changes being a structure (fig. 76) which recals> 
in some degree that of the secreting network of the liver. The 
frequent occurrence of double nuclei points to an independent 
multiplication of the cells by fission. In ihe face of this appear- 
ance^ and of the fact that die alteration is only met with in the 
neighbourhood of maturCi concentrically laminated epithelial cells, 
can we hesitate to believe that the cells of the reticulum are 
actually converted into epithelial cells? I ought to add, that the 
retifiDrm atmcture persists for a long time^ and may even be 
dflBoiiBtnitod in cancroid nodulea which are large enough to be 
reeogniBed by the naked eye. 



II -MORBID ANATOMY OF THE CIRCULATOBY 

APPARATUS. 

1. Diseases of Arteries and Veins. 

§ 210. Before entering on the pathological histology of the 
Tascular i^stem^ I must say a few words about its normid struc- 
ture ; and this chiefly because current expositions of the subject 
leave several disputed topics undecided; inasmuch however as 
these are most important for the due appreciation of morbid 
changes, I feel bound to express my opinion concerning them at 
the outset 

As might have been anticipated a priori^ all the vessels of 
^e body are constructed on a uniform plan — ^which is best 
elucidated by tracing the course of their development 

Fig. 77. 



u ^ 




Let a — b represent a capillary loop, and a— ^ the boundary- 
line of a growing organ. The blood flows from a to 6 under a 
eertain pressure, at a certain velocity, and with a certain 
tension of the vascular walls. Let the pressoze, the vdooity 
and the tension be each represented by unity. Now when tlie 
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ive growth of the organ transfers its boundary -line 
from a — j9 to y — 8, the capillary loop a — b mill no longer suffice to 
carry on the nutrition of the extended vascular temtoiy. A new 
capiIlarj'loop,c — t/, is produced. Likeeveiyvesselin theorganism, 
this springs fi:om a pre-existing vessel. Suppose, what is quite 
possible, that its two extremities are implanted into the capillai'y 
loop a — b, in just tlio same way as the loop a — b is connected 
with its parent- vessel. The enlargement of tlio blood-path 
entails an increase in the amount of blood, so that the current 
passes through r — rf under the same pressure, velocity and tension 
it did through « — h. But theso values do not continue the 
imme for a — b. Taking a transvei-so section through a, we see 
at once tliat through it flows not only the blood which fills the 
Cftpillary loop a — h under a pressure, velocity and tension each 
of which equals unity, hut also the blood which goes to fill the 
loop — d. Assuming that c — d equals a — b both in length and 
sectional area, the pressure, velocity and tension at a must each 
equal two. Continuing this ti'ain of reasoning, and assuming 
that with the fartlier growth of tlie organ, fresh capillary vessels 
are again and again projected from the old ones, the pressure, 
velocity and tension must increase proportionately in the afferent 
and efferent vessels ; gi'eater demands will he made on the 
resisting power of the transverse sections a and b. We might 
accordingly expect to fin<l the vessel increasing In calibre and its 
walls growing progressively thinner. It docs in fact increase ia 
calibre, but its wall does not gi-ow thinner ; a peculiar law, 
which regulates the growth of tlio entire vascular syslcm, comes 
into operation at this point, a law according to which any in- 
erensed demand upon the resisting power of the transverse 
section of a vessel, is met by n proportionate thickening of its 
walls (liypurti-oiihy and dilatation). The wall of the vessel 
grows thicker, one limb of the capillary loop becoming nil 
afferent artery, the other an offei'ent vein.* 



* Striotly speakiug, onr scheme is only fipplicablc to cases in wliicli 

a capillary area is provided mtb a single afferent and efferent veaaci, 

i.a. to relia mirabilia. In order bo make it suit all the varieties of 

oircntatory distribution thronghout the body, it is necessary to add that 

oaes between neighbouring capillary aroaa render tlio forma. 

nof larger and finally or absolutely largo vascalar territories posBible, 

■ artery of one area bringing enongh blood for both, while one vws 
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§ 211. No one hu ever yet Be^i the actiul detaOs of die 
procesa b^ ^hich a capillorj Teeael is cooTerted into a small 
artery or rein. In this as in manj otba cases, we are com- 
pelled to draw ooT conclusions as to what actually occurs, by 
inference &om what has gone before or what comes after. TbB 
wall of a eapillaiy tcbkI oonsistB of a homogeneons, glassy 
membrane beset at interrals with nuclei. By impregnating this 
membrane with silver nitrate we are able to prove that it is made 
np of plates accnrately adapted to eacli other; to about the 
middle of each plate a nucleus is fixed by a little soft protoplasm. 
The plate itself may be viewed as a tbiu layer of hardened 
protoplasm. The capillary minnbrane passes unintermptedly 
into a somewhat thicker, vitreons lamella which exists in all the 
Arteries and veins, even in the aorta, at the junction of the 
internal with the middle coat ; this lamella may always be recog- 
nised in transverse secti<ms, not only by its greater lustre, bat 
I7 the uniform sinuosities of its double contour, whicli are due 
to the fact that owing to its deficient ehutioity, it follows the 
variations in calibre of the veeeel, not hy alternate condensation 
and rarefaction, but by becoming folded and nnfolded (fig. 73, h). 
On the inner sur&ce of this membrane, the tunica intima and 
epithelial lining are developed ; on its outer surfiicc the mnsculor 
coat and tunica adventitia. Hie necessaiy materials are fur- 
nished by proliferation of the cells of the capillary wall, as may 
readily be seen in the arterioles (TJebei^angsgefisse). 
Pis 78 




Vertical section throng the inner coat of the & 

The tunica iatima of the larger arteries and veins exhibits 
the same appearances both in longitudinal and transverse sections ; 

anfficn to retom tlw blood from botli anu to the heart. It is cAmons 
that such ntodificatioiu oumot dtar tbs main giat of the obnrratioiis 
nadaabora. 
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[ refer to the striated lamellae of Ilenle, wliicb present tboDi- 
elves under a magnifjing power of ^00 diameters (fig, 78) aa 
inely striatedj wavy layera of basis-BubsUmce (of connective 
seue}, in wliosc interstices flattened, lenticular corpuscles ai'e 
embedded. In ibese celt-containing spaces, the opposed suifaces 
of the basis-substance cxiiibit n peculiar, homogeneous lustre; 
moreover, they present n double contour, whicli makes each cell 
t^ipear aa if surrounded by a special capsule. The plausibility 
r tliis view is enhanced by the appearances presented in hori- 
lonlal sections (lig. 7i') which show how closely this i>eculiiir 
^o])erty of tho basis-substance is connected with the distiibu- 



cif tho aorta. For 



explanation go: text. 



|ioa of tlio cells. The cell-containing spaces appear of a stellate 
n, witli branching prolongations which anastomose witli one 
inodier. The whole arrangement reminds us very forcibly of 
) cell-containing capsules of cai'tilage. But can we be aire 
fliat the stellate capsules of the Intlma ai'e really closed cavities? 
For it is undoubtedly tmc tliat in those morbid products which 
spring from the intima, the ncwly-develoired cells are found out- 
side tlio "connective-tissue corpuscles," as woU as within them ; 
this forces oa upon the lioi-ns of a dilemma; for eltlier they 
cannot Iiave sprung from these connective-tissue corpuscles, or 
else they must have escaped from the capsules. Wo may pro- 
visionally regard them as leucocytes which have migrated from 
the blood. 

The stnicturo of llie intlma has not hitherto received tlio 
attention which it merita ; on tins ground, and also witli a view 
to its diseases, which we are about to consider, I have lingered 
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rather long over it. I may be all the more brief in my remarks 
concerning the two outer coats. The media, composed of smooth 
muscular fibres, constitutes tlie main bulk of all the larger 
Teasels. The transverse, nucleated spindle-cells impart a highly 
characteristic, annulose appearance to the smallest arteries and 
veins ; in the larger vessels the muscular fibres are disposed in 
bundles in a framework of fenestrated lamelke of elastic tissue. 
From three to ten or more principal lamellae, separated by 
regular intervals, lie parallel to the surface of the vessel ; each 
lamella being connected with its neighbours on either side by 
oblique buttresses. These buttresses are also fenestrated| so that 
the muscular bundles can pass uninterruptedly firom one com- 
partment to another. 

The adventitia consists mainly of unformed connective tissue 
abundantly permeated by vessels and elastic elements (mem* 
branes and fibres). In the larger veins, it may sometimes 
contain longitudinal bundles of smooth muscular fibre. 

a. Inflammation. 

a. Acute Inflammation, 

§ 212. The phenomena of acute inflammation of the vessels 
are intimately connected with those of coagulation in their in- 
terior; for they are exclusively, or almost exclusively confined 
to parts where a softening blood-dot is in immediate contact 
with the inner wall of a vein or an artery, irritating the coats 
of the vessel by the diffusible products of its disintegration. 
This coincidence is so frequent, that it formerly led Dupuytren 
to invert the real order of sequence— to regard the acute in- 
flammation of the vascular wall as the antecedent, and the 
coagulation of the blood as the consequent. 

Even the most weighiy and thorough changes operated by 
acute inflammation are by no means striking to the naked eye. 
We notice a hyperaBmic state of the vasa vasorum, particularly 
at the junction of the media with the adventitia, and a thicken- 
ing of the vascular coats to three or four times their normal 
diameter, so that an inflamed vein may not be distinguishable 
on transverse section from an ordinary artery. The normal 
smoothness of the inner surface gives place to a cloudy, opaque, 
or even velvety aspect. In rare cases, we notice little collec- 
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noro about tlie condition of a vessel 



thus altered. Its entire wall is in a Btato of inflammatory pro- 
liferation. Thousands of young olemonta, which may be sum- 
marily termed pus-corpuscles, lie between tlie fibres of the 
adventitia, between all tlic layers of the muBcuIar coat, between 
the striated lamella of tlic iiitima. In the adventitin, besides 
the celU, I have occasionally fouud larger aggregations of an 
amorphous, jelly-like material, which I regard as coagulated 
lymph ; here also, as well as in the outer layers of the muscular 
coat, extravasations occur, which extend along the vessel for a 
variable distance. It seldom happens that the pus-foimation iu 
tlie external coat goes so far as to cause abscesses. When it 
does, the abscesses are like long streaks of croamy pus following 

I tlie course of the vessel ; they must not be confounded >vith 
vessels which may hapjien to he filled with softened thrombi. 

I The intima is less constantly involved in the morbid process ; 

I indeed I might almost say that in the majority of cases tlie 
intima is less altered than either of the other coats. It depends 
for its nutrition so much upon the blood which circulates in the 
vessel, that the occurrence of coagulation at once cuta off its 
chief source of pabulum, and leaves it a prey to necrosis, uuloss, 
B in the organisation of thrombi, vessels are forthwith developed 
in tlio coagulimi. The passive behaviour of the intima must 
therefore be attributed to its lack of vital energy and nutricut 
material ; and this view is confirmed by the observation that the 
fcrther progress of die mischief not unfreqiicntly results in a true 
necrosis of the intima and its detachment from the middle coat. 

S 213. Apart from thrombotic arteritis and phlebitis there is 
hardly such a thing as acute inflammation of the walls of \'essels. 
On tlie other hand, I must remind the reader that the vessels 
are continuous by tlieir advcntitia with tlio gonci'al counecti\-c 
tissue of tie organs — that, rightly understood, tlic walls of llic 
vessels are really a part of that connective tissue, and are there- 
fore capable of taking a most active share in all inllammatioua, 
iiowever acute, of tho various organs in which tliey ramify. 

< Indeed we shall find tliat in many of the inflammatory disorders 

i of internal organs, e.ff. of tlic pia mater, kidneys, &c, the chief 

L Beat of the morbid changes is in the ndvcntitia and tlie immc- 

Liliate ueighbourbood of the vesaeU. 
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/3. Chronic Inflammaticm. 

§ 214. Clironic inflammatory changes may occur in every 
part of the vascular system ; but they are nowhere so im- 
jjortant as in the internal coat of the arteries, where they give 
rise to the endoarteritis chronica deformans of Vircliow. The view 
that this disorder (also known as atheroma) is of an inflamma- 
tory character, is by no means of recent date. A peculiarly 
transparent material which projects above the level of the intima, 
and which, as will presently be seen, is nothing more than the 
idtered intima itself, used to be regarded as an inflammatory 
exudation, and tlie entire process was accordingly viewed as an 
exudative inflanunation. An ob\aous objection to this view is 
that the exudation, in its quality of liquor sanguinis, had no 
occasion to coagulate at the very moment when it was reunited 
with its parent fluid. Accordingly, Rokitanshi started the theory 
that the substance in question, though really coagulated fibrin, 
had not exuded from the vasa vasorum, but had been precipi- 
tated at the inflamed point of the vascular wall (where it femed 
a deposit), from the blood-current itself. This position likewise 
came ultimately to be untenable. Lobstein^ and after him Virchoic^ 
taught us to look for the essential part of the process in an altera- 
tion of the proper tissue of the intima, and to eliminate what- 
ever substances might afl;erwards have been deposited at the 
seat of mischief from the blood. Virchow laid the foundations 
of our present theory concerning the morbid change in question. 

§ 215. It consists in a chronic inflammation of the inner 
coat of the vessel. True, we cannot detect all the cardinal symp- 
toms of inflammation, but only swelling and perhaps impairment 
of ftmction ; but the finer alterations which the intima undergoes 
are throughout analogous to those which occur in connective 
tissue under the influence of prolonged irritation. There are 
many grounds for thinking that a mechanical irritation of the 
vascular wall may be at least one of the causes to which the 
morbid changes are due. For these are chiefly found at such 
points as are exposed to the full stress and impact of the blood ; 
e.g. the upper curvature of the aortic arch, the points of origin 
and bifurcation of the vessels. Still, mechanical irritation must 
not be regarded as the sole cause of the disorder, though it 
determines its localisation. Among other predisposing causes are 
advanced age and free living, especially a free use of alcoholic 
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timulauU. The etiology of gout is very similar to tliat oC 
endoarteritis ; hence the two diseasea are oft«n found together. 

§ 216. Tlie common etarting-point of all t!ie lesions due to 

chronic endoarteritis is to bo funiid in certain fiat and smooth, 

L Beldom tuberous clovatioiia on the inner coat of the arteries. They 

l.Tan?Iy project more than a line above tiie surface ; their margins 

1>u« very irregular. At the point where a vessel is given off, they 

* encircle it ring-fashion. They vary to some extent in colom- 

snd consistency, yet tliey may be generally described as bluish 

or reddish grey and cartilaginous; sometimes they may exhibit 

I'Oiore of a gelatinous or mucoid consistency. 

As regards the microscopic appoaraneos, let me insist once 
Iwtore on the fact, of which vre may readily assure ocrselves by 




Chi'ODic cadoartoriUa. Section through an indurated elevation 
of the inner coat, which is already undergoing fattj de- 
gouemtiun in its inicvior. ^ ; b. Junction of inner and 
iniddio coats ; a. Inner coat ; At e this is hyperplastic and 
tbiclcened, while at d it has become converted into an athe- 
roraatons abBceee. For details fee text. 



examining sections tlmjugh the margins of the swollen part, that 
the outermoet lamella of the intima, which is nanally least 
altered, passes unlnterraptedlj over the surface of the sivelling ; 
that the change consists therefore not in a deposit upon, but in an 
nctoal thickening 0/ the membrane itself (fig. 80, a — c). We 
may furtlier regard it as certain that we have to do with a pro- 
liferation in and from the connective tissue of the intima, which 
has caused a positive increase id its bulk ; young cells in oountlesa 
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numbers are everywhere distributed between the lamellae ; here 
and there we come upon larger aggregations of such cells. From 
these nest-like deposits, as centres, new systems of concentric 
lamellse of connective tissue originate, which are intercalated 
between those already existing, thereby dissociating them from 
one another. For the production of fibrous intercellular sub- 
stance advances pari passu with the multiplication of corpuscular 
elements ; the latter never preponderate to such an extent as to 
make the products in any way resemble pus. We rather meet 
with scattered patches in which a soft, mucoid character of the 
mtercellular substance is associated with a retifonn arrangement 
of the cells — patches, therefore, of mucous tissue. Taking the 
phenomena in their entirety however, we cannot but be struck 
with the close similarity of the morbid products to the normal 
texture of the intima ; hence we must regard the first stage of 
the process, the so-called sclerosis of the intima, as an htfamma- 
tory overffrowth. 

§ 217. With this inflammatory overgrowth of the intima, 
the process culminates. As oftien happens in the case of morbid 
growth, time brings about a disproportion between the means of 
supplying nourishment and the mass of material which has to be 
nourished. The intima contains no vessels. It draws its pabu- 
lum directly from the passing blood. The vasa vasorum, which 
are never lacking in any of the greater vessels, barely pencti*ate 
into the middle coat Should the intima therefore become 
thicker, those of its layers which are farthest removed from tlie 
nutrient fluid, ie. the outermost layers, those next to the middle 
coat — will be the first to suffer from lack of nourishment. And 
here, two modes of retrograde tissue-metamorphosis may be 
observed side by side. The first and most extensive of these is 
a fatti/ degeneration of the cells, combined with solution of the 
intercellular substance. The naked eye detects in the interior 
of the hardened elevation, just upon the limits of the media, 
opaque yellowish-white stria?, running in a direction parallel to 
that of the surface, and uniting to form a more equably yellow 
spot Should the morbid change be more advanced, this is re- 
placed by a " focus of softening " of variable size, occupied by a 
friable or greasy pulp of the same yellowish hue. The presence 
of cholesterin crystals in large numbers gives this ^^ atheromatous 
pulp " a spangled lustre. Should the focus of softening hare 
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attuiocd larger dimeiisioii^ by tlic |>rogrcssivo liquefaction of the 
indurated tissue, should it e.if. be separated from tlio blood- 
current by only a thin layer of unaltered iiitinia, we call it an 
ailii>-omatoua e^esg. When this layer at last gives way at its 
Innest part, the pulp mingles with the circulating fluid, the 
of the "focus of softening" is laid bare and we have an 
r/wnaioics idcei: (For continuation see next section.) 
Figs. 80 and 81 are meant to elucidate the liistological de- 
.Is of atheromatous change. In fig. 81 we see, under a high 
iwer, that the fat^ metamorphosis of the cells of the intima 
prcsente iteelf as a distension of the stellate interstices of its con- 
ncctivo tissue with oil-globules. It would seem however, as 
though these preformed lacuna were the dejwsitaries of all the 




9cle9 of the intima ii 
degeneration, zhs- 



i state of fatty 



Bitty dubrif, including tlioac derived from the younger and more 
Bloattercd cells, since a vertical section through an atheromatous 
s (fig. 80) shows the oily debris to bo infiltrated into fusi- 
form spaces, separating the contiguous lamella; of the intima 
fiwra one another. Those fiisiform cavities undoubtedly cor- 
respond in position to those iiointa at which the cells are inter- 
calated between the lamella; of llie intima (fig. 79). Tlie greater 
the amount of oily debris, the longer and the thicker (in trans- 
verse sections) grow the spindle-shaped cavities; the lamollEe are 
forced farther and farther apart, and are finally soD:6ned and 
disintegrated ; whereupon the oily matters forthwith unite to 
form a greasy pulp which fills the cavity due to softening 
I (Erweichungshtihlc). (Fig. 80, d.) 

% 218. Tlie form and sine of atheromatous ulcers naturally 
f qaite as mucli as tliose of the indurated swellings whitdi 
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preceded them. They are at first fiiuuoas; i.e. a probe passes 
through a small hole into a cavity which burrows some way 
undemeatli the surface. Tliis cavity is that of the former abscess; 
it may be more or less distended witli coagulated blood ; as a 
rule it is empty. Moreover the thin membrane by which it is 
still roofed in, has a tendency to roll up from the hole to the 
margins of the cavity — the aperture increasing proportionately 
in size ; more rarely, it is detached in shreds ; in any event, 
the open atheromatous ulcer forms so marked an inequality of 
ihe sur&ce, that it may readily give rise to coagulation ; the 
adherent thrombi may be of considerable length, hanging from 
the wall of tlie vessel into its interior.* 

§ 219. The second mode of retrograde metamorphosis which 
is met with in association with atheromatous degeneration, also 
begins as a rule in the dee^^er parts of the indurated intima. It 
consists essentially in an impregnation of the intercellular sub- 
stance with earthy salts — a calcification. It gives rise to bone- 
like plates of variable size and form, often so largo that e,g. the 
entire aortic arch is converted into a single bony tuba We not 
unfrequently find a number of small bony lamella), not exceed- 
ing half-an-inch in any diameter, scattered through the intima ; 
the finger at once detects their presence. When shelled out of 
their capsules, most of them exhibit a saucer-like depression 
which corresponds to the curvature of the vessel ; their edges 
are sharp. These edges are the first to perforate the superjacent 
layers of the intima, forming jagged projections and afibrding 
fresh opportunities for the production of thrombi. The partial 
detachment of larger bony lamellae in consequence of £Eitty 
degeneration of the surrounding parenchyma is not unusual; 
complete separation however is rare. 

I have never been able to convince m}^f that true bone is 
really formed, although this might fairly be inferred from the 
process being usually designated ^^ ossification." The lamellae of 
the intima are simply calcified and may be restored to their 

* In the interior of an atheromatous deposit which was nearly quite 
softened, I observed a small, bntton-like, sofb mass, which oontained 
blood-vessels and had evidently grown from the middle coat. On mora 
careful examination I discovered a whole aeries of such buttons under 
the same indurated patch. They consisted, apart from the capillary 
loops, of hyaline mucous tissue whose cells had undergone fittty de- 
generation. (20th July, 1867.) 
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I previous state by ti'catiiient with dilute lij-diWiloric acid ; its 

V celid liowover huvc ceased to exist ; I Lave never seen anything 

I worthy of heing called a bonc-eorpusclo. 

§ 1!20. So much for ehrunie endoarteritia in tJie nan^ower 
sense of the term. An adequate ostimnto of the extensive lesions 
irhiob it causes, especially in the aorta — lesions which, in ad- 
Tiuicod cases, may leave hardly a square inch of its surface intact 
—can only Iw formed from personal observation. To render 

I our anatomical sketch of the disease complete, we ought to say 
flomt'tliiug abont two other processes, whicii the practitioner is 
not at the ))ains to distinguish very strictly from chronic endo- 
arteritis, inasmncb as they are in fhct very commonly combined 
with it. 

First tlicn, a fatty degeneration of the intima may exist, with- 

p out any previous iniimnmatory overgrowth of tho membranes — 
I morbid change which is simply degenerative from the first, 
and of whose immediate causes we know nothing. Histologi- 
cally, the process is exactly like atheromatous degeneration ; a 
fetty transformation of the cells (fig. 81) being followed by a 
gradual linuefaction of the lamellaj. This "fatty erosion" 
(fottigo Usnr) of Virc/io>c, starts immediately from the iiuior 
snrface of tlie vessel, and progresses from within outwards, 
destroying the intima layer by layer. Moreover, the disease is 

! tlways confined to small, sharply circumscribed spots ; in the 
aorta and larger arteries it causes a very pretty marbUiig of the 

I surface, the affected parts being rough, opaque and velvety, 

" Fatty erosion " is often met with in persons otherwise qui to 

' liealthy. It must, however, tend directly to impair the resisting 
power of tlio vessels. Experience tells us that when onee the 
intima is wholly destroyed, be the perforation ever so small, the 
muacukr media, notwithstanding its thickness, is unable to cope 
with the pressure of the blood. The muscular fibres are sepa- 
rated from one another, and a transverse fissure results, through 
which tlie blood forces its way, either producing a dissectimj 
aneuriim by peeling off tlie adventitia, or else bursting through 
it and escaping externally. This explains the frequency of 
lucmorrhages into the most diverse organs, occurring in con- 
nexion with atheroma {t.g. the broiu, kidneys, Ac). Moreover, 
fiwty erosion of the inner coat has a certain sliare in causing the 
transverse rupture of the aorta which loads to dissecting aneu- 
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rism of that vessel. This accident is usually regarded as simply 
a result of the concomitant hypertrophy of the left ventricle. 
The rent is usually situated about a finger^s-breadth above the 
semilunar valves ; it extends at first only through the internal 
and middle coats ; the adventitia is peeled from the media ; the 
blood tunnels itfl way between them, upwards as far as the heart, 
downwards as far as the descending aorta ; it never gets as far as 
the abdominal aorta. When the sac thus formed is stretched to the 
utmost, a second rupture occurs, either outwards into the medias- 
tinum, or (a rare event) inwards into the aorta at another point, 
so that for a short distance, the blood travels along two parallel 
canals. On examining the edges of the ruptured intima we occa- 
sionally find them in a perfect state of fatty degeneration ; further 
investigations however are required, before we can decide upon 
the frequency and causal moment of this complication. 

§ 221. Another, and a tolerably constant complication of 
chronic endoarteritis is calcification of the middle coat. This is 
not so prevalent in those parts of the arterial system which are 
chiefly predisposed to endoarteritis (such as the aorta and its 
main divisions), as it is in the relatively thick muscular coat of 
the smaller and smallest arteries, in those of the arm and leg, in 
the temporal arteries with their branches. Here too the process 
is one of simple petrifaction ; calcareous salts are deposited in 
the muscular fibre-cells, which reappear unaltered when the 
salts are removed by acid. Even without the aid of the micro- 
scope the probable seat of the calcification may be determined ; 
since the distinctly annulose aspect of the infiltrated parts can 
only be attributed to the transverse arrangement of the muscular 
fibres (fig. 82). 

Calcification of the middle coat, as an independent afiection, 
apart from atheromatous change, is more rare. In cases of 
ealcareous metastasis (cf. § 51) all three coats of the vessel are 
uniformly infiltrated as a rule. 

§ 222. Let us now inquire what influence the above-desoribed 
alterations in the walls of the vessels may exert upon the move- 
ment of the blood through them. These alterations may be sum- 
marily classed under two heads : 1st, narrowing of the otlibre 
of the vessel ; 2nd, rigidity of its tube. This rigidity, mainly 
due to calcification of the intima as well as of the media, oamea 
a certain proportion of the rii a Urgo of the heart to be in some 
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ssuro fruitlessly exi>ondeiI in tho production of lieat, and tliua 
wastiMl so far as tlie jiropulsioii of blood is concGmed ; whereas 
it woiJd, under onlinary o ire urns tan ccs, have been stored np in 
a potential form, as tension of the elastic walla of tho vessels, 
ready to bo reconverted at any moment into active energy. 
Uigiditj- of a vessel therefore, while consuming the projwilling 
force of the heart, indirectly diminishes the 
velocity of the blood-current beyond tlic rigid ^"■- ^-■ 

point. Contraction of the tubo from swelling 
of its walls produces tho same sort of effect, 
and that directly, by opposing int^inod pianos 
to tho cnn-ent of the blood ; a variable propor- 
tion of tho velocity is thus (according to well- 
known moclmnical laws) partly converted into 
pressure, partly wasted as impact. Beyond the 
rigid and contracted part of the vessel there- 
fore, the movement of the blood is slower than 
it shonlfl be. This retardation of the current 
manifests itself csjiecially in the extreme parts 
of tho systemic circulation, in the toes, finger- 
tips, and nose. It may even amount in tlieso 
parts to complete stagnation, and bo lead to 
what is known as " sjiontaneous gangrene" 
(cf. 5 3) an accident to which old people are 
liable. Tiie state of tilings on the proximal 
side of the rigid and contracted part is the 
opposite of that just described. We know that 
tlie pressure of the blood at any point of tho 
vascular system is proportionate to tho resiat- 
anwJ to bo overcome. If the resistance is 
augmented (as it is both by rigidity and by 
ronti'action) the pressure increases proportion- Artcrin cruraliH 
at«tv in those parts of tho vaacular system which trithitsbnuiclics. 
■, ,. , .'^ , , ,. , "^ ,, Middlo coat cnl- 

are bonind the obstruobon. Increaso or pros- cified. Natural 
sure in tlio entire aortic system is therefore a size, 
common result of atlicromatous cliangea. This stands in a com- 
plementary relation to the diminution of [iressurc and velocity 
M J beyond the contracted and rigid i>arts. It is self-evident liow- 
^^^krer that such increased pressure cannot last long witliout giving 
^^^Hbw to farther consequences. Among tlieuio may be noticed : 
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Ist, hypertrophy of tlie loft ventricle; 2n(l, dilatation of the 
affected aosbcIs. Each of these changes tends to compensate for 
the primary lesion ; hence it is that the hypertrophy is inversely 
proportionate to the dilatation. 



b. Dilatation of the Vbsskls. 

a. Dilatatiofi of Arteries. — Aiieurimi. 

§ 223. Attempts to introduce order among the infinite variety 
of forms presented by true aneurismsi ue, aneurisms involving 
all the throe arterial coats, used at one time to be based on the 
shape of the dilated vessels as a fundamentum dwisionis; ibis 
led to the distinction of cylindrical, saccular, fusiform and vari- 
cose aneurisms. These attempts all failed. We should be more 
successfiil could we make use of the etiology, the mode of origin 
of the various aneurisms, as a clue to the diversify of the indi- 
vidual forms. But the etiology of aneurism is unfortunately 
very obscure ; and it may be long before it is finally cleared op. 
Hypotheses indeed abound. E.g. nothing seems more tempting 
than to seek for the origin of the mischief in a lack of elasticity 
or of contractile power in the musoukr coat Of all the oom- 
ponent elements of the arterial wall the muscular fibres are 
those in which nutritive change is most active, and which, we 
may fairly assume, are most susceptible of nutritive disturbance. 
Hence I willingly take refuge in the hypothesis of atony of the 
middle coat, to explain the uniform cylindrical or varicose dilata- 
tion of all the larger arteries which is frequently met with in 
old people, without the presence of any visible alteration in their 
walls. I likewise admit that it may have some, though indeed 
a less important share in the produdion of other forms of dilata- 
tion. The hypotheus of a simple disturbance of innervation, a 
paralyisis of the muscular coat {Bokitanski) is less widely a{qili* 
cable. Here too however there is at least oneoaae in which this 
explanation commends itself to us. I refer to the anastomotic 
variety of aneurism. The term denotes a varicose dilatation, 
elongation and twisting of the trunk and all the branishes of an 
artery — ^the ectasy of a limited section of the arterial system* 
It occurs chiefly in tiie arteries of the scalp, e.g* tiie oocipital 
and traiporal arteries, and reminds us too foraibljrof that dikta- 
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[pn of tlte vessels of tho licad u Jiiuh follows division uf Llie 
arvicol sympatlietic, not to suggest a jiaj'tial disturbance of tlio 
flTRSoiuotor system us its jirobabic cause. All these liowo\ ct' are 
D cases, anil therefore coigparotively unimportant. 
i 224, Wliat is sliortly called aneurism at the bccl-sido — an 
Usy confined to a. sliort part of llie aorta or some other 
tery, lias its causes slirouded in great obscurity. It ia usually 
Diplicatod witlt chronic ondoarteritis. Wo mu^t endeavour to 
Krtain how far tliis chau^e is capable of contributing to the 
wjlatjition of tui arterial tube, lu the first place, we must roBcct 
that ail overgrowth of the iutima as eucIi, augments the super- 
liciul area as well as tlie thiekneas of tJie inner wall of the vessel. 
Tlie circumsci'ibed patches of uewly-fonned connective tissue ai'o 
nut merely supciiinpoGod on one anoUier; tliey likewise pene- 
trate lionzontally between the existing lamollu; of the intinia, 
forcing them actively asuudei* as tlioy grow. IVe aie Buioly 
•otitled to regard tlie growth of tlie inflamed intima in a hori- 
mtal plane as at least one factor in the dilatation of tlie vessel. 
For even though we assign but a small value to its active co- 
operation, yet we must regard tlie intima, while it is under- 
going tlie fluctuations of internal change, as loss capable of 
resisting Uie dilating impulse and increased tension of the blood, 
tliim it is in its noi-mal state. I have already pointed out that 
atheromatous changes in the arterial walls cause a rise in the 
blood -pressure above and at the afl'ected points of the vaseuloi' 
system. To this must bo ascribed in the first place that imiibrm 
dilatation of tho aorta which is nearly always found in cases of 
extensive (sndoartcritis. For tlic production of a true aneurism 
however, it is the systolic rise in tho blood-prcssui-e which is 
chiefly important. This diSers from that which occurs normally, 
The diseased condition of the ai'terial walls hinders that pro- 
visional transformation of velocity into elastic tension, wliich 
causee the systolic rise in the blood-pressure aud its " other 
mode," velocity, to bo distributed over a longer interval of time. 
Accordingly, both these manifestations of energy cubninotc at 
the moment when tlie aj'stole eommeneca, and collapse immc- 

Idiati^ly afterwards to a proportionate extent. With each ven- 
tciculnr contrautiou, the diseased artery ia subjected to a dilating 
faipulso, to which it can only oppose a passive, not, as before, 
Mb active retisUnce. Tiie patient's throbbing pulse informs us 
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thiU throughout tlic whole arterial ^ynteuij a jerfcy propnlrion of 
tlie masH of blood has taken the place of a rinrtfaaaae aeoekntkm 
of it8 current The brief thoo^ forcible dtock, wliidi the 
rarlial artery communicates to onr finger, wiD be moet inleiise in 
the aorta itAelf^ .since there the loss of eaaergy bj wxy of impact, 
which neceflnarily attends this mode of propoLsion, does not jet 
begin to telL Therefore it is that anennsmal rfilatatinn is most 
common, first in the ascending aorta ; and seeondhry wherever 
the local narrowing of an arterv caoses a special rise of pressoie 
jn.Ht behind the obstruction. With s^)ecial lefiaeu cc to this point, 
I have examined all the peripheric aneurisms to whid I could 
get access, and I have rarely fiuled to discover a m<Mie or less 
marked thickening of the intima below the dilated p«rt, as the 
exciting cause of the lesion. Persistent contraction of those 
muscles among which the main branches of an artefy are dis- 
tributed, may also cause aneorismal dilatation of the parent- 
trunk. Thus for example aneurism of the popliteal artery not 
nnfrec|nently rewards the exertions of those lackeys who stand 
for honrs together behind their masters' carriages (contraction of 
gastrocnemii). 

§ 225. As regards the outward form of aneortsms, the uni- 
formly cylindrical or fusiform dilatation of the arterial tabe is 
usually distinguished from tlie one-sided, saccular protrusion of 
its coats. The cylindrical aneurism becomes an invaginating 
one when the aneurismal sac, at one or both of its extremities, 
ovcjrlaps the corresponding ends of the undilated part of the 
vcftseL The saccular variety presents similar modifications. 
Hhould the sac overlap the parent-vessel on one side only, its 
cavity is marked ofi' from the interior of the vessel by a pro- 
jecting semilunar fold; should it overlap its parent-artery both 
nbovo and below, or on all sides at once, it is said to have ^^ a 
nock." 

Saccular anourisms, those which project more firom the convex 
than firom the concave side of the ascending aorta — are by fiir 
tho most common. They press from within against the sternum 
or tho sterno-clavioular joint. Aneurisms of the transverse arch 
also spring more often from the convexity than firom the con- 
cavity of tfio vessel. Here too we not unfirequenUy find aneu- 
risnis with narrow nocks which ultimately force their way out 
through tlio up|)or aperture of the thorax and invade the oeso- 
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Lc ti-aclioa from the front. Aneurisms of tlie thoracic 
aorta spring hy profei-ence from the back and sides of the vessel 
and press against the spine. Aneurisms of smaller arteries are 
mucli less frequent ; among theso the most common are aiieu- 
Llisins of tlie popliteal, carotid and basilar arteries. 
Bi § 22(). The most interesting qnostion for the lustologist is 
P^BiBt concerning tlie behaviour of the various structural com- 
ponents of the arlorial tube during its gradual dilatation — the 
liehaviottr of tlie inner, middle and outer coats respectively. 

Attention has already been drawn to the fact that the 
intima 18 usually thickened by previous endoarteritis. Tins 
enables it to take part in the dilatation without becoming notably 
Utinner. Aneurisms from four to six inches in diameter may be 
lined with an internal coat of normal thickness ; naj", of mora 
than normal thickness in ]iarts. It e.-shibits the most diverse 
stages of atlieroinatons degeneration side by side ; foremost 
among tlicni however stands calcification ; calcified plates have 
been found involving one-half or even tlio whole of the circum- 
ference of the aneurism, converting it into a bony drum. More 
eominoii is a tesselatetl mosaic of Einaller plates, which are very 
liable to become detached at their niges, and so to give tlie first 
impulse to the formation of coagula. Fatty degeneration, though 
less widely distributed, is nevertheless of the utmost moment. 
For it is tltls — partioularly when it results in the prwluction of 
ntlieromatous ulcers — which ultimately leails to perforation of 
the intima at some jKiint or otiier^ and so exposes the integrity 
of tlie sac to the most serious risks. 

From tlie first outset of dilatation tlio middle coat remains 
entirely i>as8ive. The transverse bundles of smootli museuliir 
fibiw* separate from one another and allow over-widening fissures 
ti\ gape between them. They finally succumb to fatty degenera- 
tion. Even when an aortic aneurism is no bigger than the 
closeil fist, it is a difficult matter to find any vestige or remnant 
of the middle coat in its walls. 

On tho otlier hand the adcentUia may be said, in tlio strictest 

sense of tlie word, to " guarantee tho sac against rupture." The 

prcssm-c of the growing aneurism acts uixm this membrane in 

" ut the same way as a gradually increasing or oft-recurring 

Ksurc nets upon a stratum of unformed connccti\o tissue ulse- 

lere; it slimulates it to a chronic infiammntorj-, or in otlier 
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wr>nb, to a rea<itive ov^rj^rowth. The anearwrn eo3ie§ to be 
in vr^^l on ail «!d«!r* hv a clov: web of toarfi coon«iiTe tHrae. whk4i 
ffapplie^ wliat/:%-^r 'I»fficienc!es there mar be in the inn^ coat5y 
and vrnvrs a^ a ?y>nd of union between the oater <ar&<?e of the 
HVJiurvitn and the neigLljonriniir organ«. 

Tlie impIi^^Tation of the adventitia in the morbid process U 
thffrefore whollv salatar^'. It.« resoarces however are not inex- 
baiL*tibIe. Fir-st. it cannot, whaterer mar be its thiokne^. arrest 
the in^iWth of the aneorisn]. It yields nnitbrmly and at all 
pr^int.^ to the oentriiii;zal pressore of the blood, and can never 
offer anything like the resistance which is opposed by the com- 
bined strength of a healthy internal and middle coat Some 
notion of the demands muile ujjon the insisting power of tlie 
anearismal walls may be got by observing the conflict of an 
aneurism with the osseous svstem. Should an aneurism of the 
aseending aorta press forwards against the sternum, or one of 
the thoraeic arjrta against the spine, it begins by destroying 
whatever structures mav intervene between the blood and the 
Ixme. Jntima, media and adventitia, mediastinal connective 
tissue and perir>steum, disappear without leading any trace, 
under the stress of the contending forces. Next, the bone 
iKjgins if) yield ; it yields slowly — so tliat denuded remnants of 
it are often found projecting far into the sac — ^but still it yields 
and is absorl^. Tlie bone-tissue under these circumstances 
]iasses through a |XK!uliar fibroid metamorphosis (fig. 11) which 
has I)Ocn more fully described in § 41. This however can only 
bo regarded as a passing phase in its disintegration and liquefac- 
tion. Tho result is a loss of Rul)stance in the bone. Aneurisms 
of tho ascending aorta often annihilate tho whole of the manu- 
brium, tho upper part of tho body of the sternum, and tho 
Btomal end of tho clavicle. Aneurisms of the descending aorta 
excavate cup-shaped hollows in the bodies of one or more of the 
vertebra}. 

AnoUier hindrance to the conservative powers of the ad- 
ventitia arises from the circumstance that these powers, which 
do])end in great measure upon the transfer of hyperplastic 
activity to tho neighbouring connective tissue, have the extent 
of their o|>cration limited by tho extent of distribution of that 
oonnoctivo tissue. Every free surface which tho aneurism 
approaches may be fatal to the patient, inasmudi as it gives the 
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aneurism an opportiinltyof Imrstirig. Tlie ]jloiiral siipfiipi' In tlio 
leiul ilangeroua iti tins rospect ; for the pleural sac » meroty an 
intcnitico in the coimeoHvo tissue, ^hose oppose<l suffaoea readily 
eo}iere. The pressure of tho aneurism is thus transferred to tlie 
lung, and the fatal issue is for a time delayed. It cannot take 
place till both of tlie pleural laminae have been perforated and 
tlie Bpongy parenchyma with the smaller bronchi laid open in 
c'y)nse<inenw. Tlioao aneurisms which force their way towards 
the larger bronchi or the trachea itself bnrst at a much earlier 
jieriod. Aneurisms of tlie ascending aorta ultimately burst 
through the skin ; niptnro may also occur into the cesophagus, 
]ierieardinm or pulmonary artciy ; more rarely, into the perilo- 
npum or the retro-peritonoal connective tissne. 

j 227. Clots often form in the cavity of the aneurism. The 
first impulse to tJieir formation !s usually gi\cn by irregularities 
of tlie intenial surface. Retardation of tlio blood-current is also 
sn important factor ; hence tho jicouliar fi-equency with which 
the blood coagulates in sacoulai* aneurisms with narrow neoloi. 
These aneurisnial thrombi are always exquisitely laminated ; the 
r outer layers, those first deposited, are usually quit© decolorised, 

■ tough and fibrous, like all clot.^ which have been exjxiseil to con- 
Btlnued pressure ; no trace of commencing organisation can ever 
■be detected, Hcnco it is that the formation of thrombi in an 
KUieurism, though directly lessening the size of its cavi^, seldom 
Kleeds to a spontanoous cure. This has only been known to occur 
I|d auGuriams of small arteries which have been quite slnit oft' 
B^vm the parent-vessel. For tho most part, tlie filling-up of an 
FaHeorismal sac with coagnla proves inadequate to resist the iiii- 
■'jmlae of the blood. Should the sac burst, the tlirombus is torn 

■ iqi and the blood forces ita way out between its fragments. 
I Aneurismal coagida may also undergo softening, an event which 
^ fiicilitatea the detachment of fragments and increases the risk of 

embolism. 

p. Dilatation of Veina. — P/ilebedoii/, 
§ 82fl. Dilatations of veins, notwithstanding their greater 
frequency, notwithstanding the many anatomical peculiarities 

■ .whicli they present, nit) but a feeble copy of arterial dilatations, 
Hjt has been already stated tliat an " cudopMobitiB chronifa," 
Kftnalogous (o atheromatous disease of tho arteries, can hanlly be 
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said to exist This at once does away with the complication 
which played so weighty a part in the causation of aneurism. 
The etiology of phlebectasy is obviously one and the same in all 
casesy «c. mechanical dilatation in consequence of a local rise in 
the blood-pressure ; and to this etiological monotony corresponds 
an equal uniformity in the course of the anatomical alterations. 
It is quite possible to find in dilatations of the veins the three 
main forms which may result from the distension of a cylindrical 
tube ; we may distinguish between cylindrical, fusiform and 
saccular phlebectasy ; but such distinctions are here of trifling 
value, simply because in most cases of phlebectasy all three 
varieties coexist; indeed tlie disorder is never restricted to a 
single and very marked dilatation of a vein, but always involves 
the moderate dilatation of an entire plexus, or of all the branches 
of a single trunk. 

Under normal conditions the pressure of the blood in the 
venous system is so insignificant, that in the larger veins it 
barely exceeds that of tlie atmosphere, and may even fall below 
it in the immediate neighbourhood of the heart Accordingly, 
the walls of the veins are comparatively thin ; they are, so to 
say, only adapted to resist this moderate degree of pressure. 
Should any circumstance raise the blood-pressure, the calibre 
of the vein must necessarily increase, and its walls be put on tlie 
stretch ; if the increased pressure continue, or even if it recur 
periodically, the walls of the vein become pennanently distended, 
and phlebectasy is the result 

§ 229. Phlebectasy, as might be supposed, begins in the im- 
mediate neighbourhood of the valves. The sinuses just above 
the valves are distended, and form small, nodular varicosities 
along the vein ; its superficial position enables them to be readily 
distinguished through the skin. The valve-flaps themselves have 
to support a greater weight than usual ; they finally become in- 
competent, and the greater their incompetence, the farther does 
the ectasy extend along the vein. At first, the vein is stretchecl 
longitudinally ; inasmuch however as it is fixed at botli ends and 
cannot be sufficiently displaced, the elongated vessel must either 
bend from side to side, forming zigzags, or become spirally 
twisted. Both varieties occur, the zigzag in the larger, the spiral 
in the smaller veins. The former serves as a transition to that 
degree of phlebectafly which we call " varicosity." Tlie convexity 
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1 18 tlie result, apiwiidocl to the vein just as a saccular anou- 

i* appended to an artery. Supposing tliis process to ho 
>peated at every fresh curve which the vessel makes, tlio vein 
must come at last to appear as though it were ontu'oly made up 
of an altei-nathig series of saccular aneurisnis. This is tliP fully- 
ddvolo))ed " variooso state" which is usually found invohing all 
the reins of a plexus, or the collective radicles of a large venous 
trunk. This is usually the point at which phlebcctasy culminates. 
Only the "varicose tumour " can fairly he put higher ; and this 
is coutinod to one particular locality, namely the ha^morrhoidal 
I. 

230. The venous plexuses of tlie true pelvis and its outlet 
stand foremost among tlie veins of tlio hoily in their tendency to 
become dilated. This is partly owing to their anoiitomotic con- 
nexions ivitli tho |>ortal vein (Vena ha>morrhojdali3 interna), 
which render them liable to all tlioso influences wliicli interfere 
witli the portal circulation, without conferring any of the com- 
pensatory advantages accruhig to the latter from intra-abdominal 
pressure ; another cause may be sought iu the ii-cquent and 
prolonged congestion to which these j>arts are exposed during 
tie performance of the sexual functions. A'aiicoaity of the vesical 
plexus underlies those morbid changes about th^ neck of the 
bladder (catarrh of the mucous membrane, moderate eulargement 
of the prostata) which are so common in old people, and are 
usually known as haemorrhoids of tho bladder. 

Dilatation of tho haimorrhoidal plexus (true h^emorrhoidi) 
begins with congestion of the venous radicles in the lax sub- 
mucous tissue of the rectum close to tho anus. This is speedily 
assootatcd witli a mucous catarrh of tlic suriitce, and, as I myself 
linvo found, with a trifling overgrowth of the mucous follicles. 
At a later stage, the changes in tho mucous membrane recede, 
and the phlebectasy proceeds to tho development of largo plexuaes 
of varicose veins whicli push the mucous membrane before tliem, 
and form a ring of transverse ruga! round tho anal aperture. 
The dilatation finally conoentrates itself ut one or more points of 
these ruga;, which develope into rounded protuberances, and 
ultimately into fiuigoid tumours of considerable size. 

If we cut through a large luumorrhoidal nodule, we may see, 
even without a microscope, tliat the chief ])art of its texture is 
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spongy. The pores correspond to the lamina, the septa to the 
fused walls of those veins which have undergone dilatation and 
varicose degeneration. We must suppose the structure in ques- 
tion to be produced by atrophy of the interstitial connective 
tissue ; tliis wastes under the pressure of the distended veins, 
which is kept up by the persistently increased tension of the 
blood in their interior ; so that, after a time, nothing is left save 
only the walls of the veins themselves. Inflammatory action is 
often set up about these venous plexuses ; it may either result 
in induration or in suppuration. The blood may coagulate here 
and there in their interior, causing partial gangrene. 

§ 231. Next to the veins of the pelvic viscera, pldebeotasy 
most frequently affects the branches of the great saphena. Any 
circumstance which retards the flow of blood through the common 
iliac vein — as e.g. the pressure of the gravid womb or of a pelvic 
tumour — may give rise to this accident It may also be caused 
by prolonged contraction of the muscles of the leg, as e.g. in 
persons who have to work standing ; the muscular contraction, 
by compressing the deeper veins of the leg, drives the blood into 
the subcutaneous channels. Then gravity helps. Generally 
speaking, dilatation of the saphena is due to the co-operation of 
several distinct factors. Its various stages may be followed even 
through the overlying skin. In its milder as well as its more 
severe forms, it often underlies those chronic inflammatory and 
ulcerative disorders of the lower limbs, whose obstinacy so oft;en 
exposes the temper of both physician and patient to severe 
trials. 

y. Dilatation of Capillaries. — TelengiecUuia, 

§ 238« Apart from the more or less transitory dilatation 
consequent on hypersBmia, there is really no condition of the 
capillary vessels which can be compared to aneurism or phlebec- 
tasy. The disorder specifically termed ^^ telengiectasis" consists 
in an over-production of capillaries in circumscribed portions of 
the skin. The parenchyma of many organs, among others that 
of the skin and its proximate constituents, the papillse, glands, 
clusters of fat-oells, &c., is primarily divided into territories by 
that system of anastomosing lacunss in the connective tissue, 
whose nodal points contain the connective-tissue corpuscles. The 

)k protoplasmic processes of these corpuscles map out the 



DISEASES OF fati llEART. 



2fi7 



course of the new vesaela in the tertiary mode of vftscularisntion 
(fee KoUikei; Handbuch il. Oewebelehre, 8to AuHago, page 
607). They describe cur\*es of variable radhis, which i-est at 
eaeli eml upon the wall of an already ]ier\'iou8 I'npillary, The 
lumen nf the new capillary is opened up along this curve. The 
thread of protoplasm forma a tliin coating over the whole of 
itA internal snrface, and hardens into a homogeneous capillary 
membrane ; the nuclei of the cells which take part in the process, 
are shifted, together witli the residual protoplasm, to the out«r 
Burfaco of the membrane, where they fignre lienoeforward as 
"capillary nuclei." 

During the vascularisation of growing organs, only a small 
proportion of the existing connective-tissue corpuscles is usually 
employed in the formation of vessels. Matters take a different 
course in telengiectasis. This is due to an enormous excess in 
the development of connecting channels between the main capil- 
lary loops, operated in the manner I have just described, Telen- 
giectasis therefore is an overgrowth, not a mere dilatation of tho 
veaflels, Tlie cluster of fat-colls, the sebaceous gland, the sweat- 
gland, the cutaneous papilla, are ])ermeated by an enormous 
number of very fine capillaries (which are for the most part 
spirally contorted) in place of the usual network of connective- 
tissue coqjuscles. All the above structui-es may be recognised 
in the innumerable lobules of which the telengieetatic part con- 
sistA, e^'en should their specific elements have been destroyed by 
tho pressure of those very vessels which were destined for their 
nonrishment. 

The dilatation of the capillaries in tho growth of cavernous 
tumours has already been descrilted (5 129). 



2. Diseases of the Heabt. 

5 2.33. In the central organ of the circulatorj- system we 
find tho same throe layers of which the walls of all the greater 
vessels are made up. The endocardium corresponds t« tlie in- 
tima, the myocardium to the middle coat, the pericardium to the 
adventitia. In harmony with tlie functaonal superiority of the 
heart however, each of these three layers is more highly 
' developed, and that in a direction peculiar to itself, 
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The endocardium b a far more delicate membrane than the 
internal coat of the aorta. This is esjjecially woU seen on the 
ijiner flurface of the ventriclt?s, where it appears simply as a 
lustrous surface, limitin;:^ the muscular laver internallv. but not 

in anv wav afteetin;^ either its colour or its nnxleUinc Where it 

* • '-J ^ 

forma duplicatures in which strength is especially Ve^uireJ — .ic, 
tlie valve?j and chordae tendinea* — it beci^mes thicker. In die 
valves indeetl we find the endocanlium matle up of several dis- 
tinct layers. Thus tlie lamella of each valve-flap which is tumeil 
away from die Uootl-current contains a lar::er proportion of 
elastic fibres than that which is turned towards it, and between 
the two lamella}, at least in the mitral and tricuspid valves, there 
is a thin layer of loose connective tissue in which vessels run 
nearly as far as the edge of the valve. 

The mvocardium is die thickest of the tliree la vers of which 
the heart's wall consists, as might be andcipated from its func- 
tional importance ; its structure afibixls a soludon of the dilKcuIt 
problem^ how to enclose a cavity with stri])ed muscular fibre. 
Tlie fibres anastomose widi one another at acute ancrles, forinincr 
fenestrated membranes ; and these, lying one upon another in 
massive strata, and firmly united among themselves, enclose the 
cavity (cf. § 235, fig. 85). 

The adventitia reappears as a serous sac, die pericardium, 
whose visceral layer invests the outer surface of the heart with 
a membrane qoito as diin as the endocardium uix)n its inner 
surface. It nevertheless contains vessels of its own, although 
they anastomose at many ]X)ints with those of the muscular 
substance. 

The above remarks all tend to show that the three lavers of 
which the wall of the heart consists, are more specialised, more 
independent, than the corresponding structures in the arteries 
and veins; and since this increased specialisation makes itself 
felt in the diseases to which they are liable, it must be borne in 
mind throughout the whole of the ensuing discussion. Accord- 
ingly, die pathological liistology of the myocardium and endocar- 
dium will be treated successively, diat of the pericardium being 
relegated to die general chapter which will l>e devoted to the 
morbid anatomy of serous membranes. 
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a. Myocardium. 

A. ifr/pei-ttvp/ty of the Heart. 

5 234. By hyper b'ojjliy of tlie heart we understand an in- 

I ereaae in tho bulk of that organ, due to ovcrgi-owlh of its 

I mascular coat. It may aifcct both ventricles equally ; it more 

I often aiFectfl one only, or chiefly. It ia not an easy matter to 

I ascertain the exifitence of a moderate degree of hypertrophy, 

[ We are told to compare tlic thickness of tho walls with the sino 

I of the cavity. But their ratio varies with every variation ui tho 

B to whicli the heart is contracted. Tho size of the cavity 

I varies inversely as the thickness of its walls. ^V'o arc never suio 

whether tlie seeming increase in tho thickness of (he wall may 

not be merely due to tho Iieai-t being more fiiiuly conlrncted. 

Donbts of tliia sort meet us again whou we ti'y to find out if 

the heart's substance is atro[ihicd ; we have t« bo on our guard 

against supposing a dilated heart to bo atrophied merely because 

its walls are thin. A power of quick and accurate judgment 

with regard to moderate degrees of thickening and thinning of 

Uie heart's walls can only bo got by long practice. On the other 

hand it is very easy to rocogiiiso hypertrophy in Its extrcniei- 

forms. Next to the enlargement and tho change in shape — a 

change which is often very striking — our attention is roused by 

the disproportionate increase in weight of the heart. Tho walls 

of tlio hypertrophied organ arc as stiff and hard as boards, so 

that oven after the blood lias been entirely evacuated by incision, 

Ihey do not collapse, and cannot be easily bent in or out. Finally, 

the marked increase in thickness of tho wall is made all the 

moi-e striking by the coincident enlargement of tlie cavity, since 

hypertrophy is invariably associated with a certain degree of 

dilatation. A largo heart must needs have a large cavity. 

Tho shape of the heart is characteristically altered when only 
one of the two ventricles is hypertrophied. If we were to join 
tho loft ventricle of an adult to the right ventricle of an infant, 
Ihc entire bcu-t would appear to consist chiefly of the left 
ventricle ; reversing the process, the riglit ventricle would pre- 
ponderate in like manner. Tliis exactly illustrates what happens 
I unUateral hypertrophy of tlie heart, 

A heart with a hyixirtrophied U/t ventricle (fig. 83) will 
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ibercfure present nil ovate or barrel- si la pod outline. Tlw right 
ventricle apjicars e^'cn more than is nsiially the case, to bo a 
mere appcndnge of the left. The long axis of the heart becomes 
more horizontal, bo that the base is turned to the right side, the 
apex to the left. Tlic apex is pushed beyond the mammary line, 
SB may be ascertained by tho extcnsiou of the cardiac dtJness jii 
this dkectioD and the dislocation of the apex-beat. 
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HTpertrophy of left ventricle. Heart in nfu. a. Left mammaiy 
line; h. T. cava superior; e. Aorta; d. Bulb of pnlmoiiarj 
artery; e. Bight auriclo; /. Biglit Tentride; g. Left 
anricle ; A. Left ventriale (nomul aiae) ; o. Left Tentricle 
(b^pertrophicd). 

On the other hand, a one-aided hypertrophy of the righi 
ventricle (fig. 84) occasions, not an elong^wn, but a widening 
and thiekening of the entire heart Looked at in &ont, the 
heart appears sqnare, and as its long axis tends more and more 
to become vortical, the cardiac dnlneas extends to the right, 
presents itaelf over the lower part of the sternum, and strotohee 
ttcrooB the right border of tliat bone. The heart's apex is no 
laagK fonnBd ly the left vanfcriale alone; it ii pMtl/f or eren 
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wlioliy furmeti by llie right oiio. The apex-beat often becomes 
indistinct ; in its stead wo find a basto impulse duo to tlio contact 
of tlie contta arteriosus (fig. 84, d) with the chest-wall during 

' eacli systole, in conite<:[uenefl of the enlargement of the base nf 

' tho heart in its antero-])OBtorior diameter. 

§ 235. Hypertrophy of tho lieart ia invariably duo to over- 
work ; it is caused by mechanical liindrances to tho onward 
flow of the blood. Theso increase the labour of tlio heart by 
Rugmpnting the pressure which at the beginning of each systole 

Fic. 81. 
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Hypertrophy of right ventricle. Heart i» »Uu. Bel'eieBces u 
in preyioaa figure. The dotted line repreeents the outline 
of the hypci-trophied right vontriclo. 

acta vertically against tlie inner surface of tho ventricle, and 
which has to be overcome by it« contraction. We have already 
soon hypertrophy of the left ventriolo associated witli atheroma- 
tous degeneration of the aorta ; we shall soon become acquainted 
with lesions of the cardiac valves as by far the commonest 
causes of hypertrophy, and we shall find ourselves obliged to 
refer to the subject again and again in discussing ottier organic 
diseases. As regards the histological details of hy|>erti-ophy of 
the uiiisculsr Bubstance of the heart, the hypothesis that the 
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individual fibres grow thicker, is very generally reeeived. Never- 
theless, I Iiavc failed to discover any difierence in the thlcknees 
of the muscular fibres of hypertrophied hearts ; bo that I have at 
last been led to assume that a " partial splitting *' of the fibres 
must occur ; an assumption which can only be admitted as 
regards the heart. 

The muscalar fibres of tbe heart, as every one is aware, 
divide dichotomoualy ; they may also be said to reunite in 
the same way, forming networks or membranes with elongated, 
slit-like meshes. Tlieso meshes vary greatly in their size ; large, 
spiiidlc-shajNxl lacunic alternating with slits and fissnres of the 
smallest size. Some of the latter may even be regarded as 
situated in the substance of individual fibres. They are most 
frequently found in the thicker fibres, where these give off lateral 
branches (fig. 85, a) and I cannot but believe that Uie force 




Kclwork ul' iiiu^t:iiliir lil>i a Trom tbe b«it. At a is an ioter- 
Etice in n miucular tibre, which cormponds in position to 
the orifpn of a side btauch ; bj its gradnal increoM in size, 
il wilt kdd a new mesh to the Network. 

exerted by the side-branch during its contraction contributes 
in some measure to the cleavage of the parent-fibre. 



B. Atrophi/ q/" tfu ffearl, 

§ 236. Inasmuch as the heart is undeniably the hardest-work- 
ing muscle in the binly, and tlicrcfore eonsnmee more nourish- 
ment tlian most other organs disturbances in the general nutrition 
(if tbo organism will neeessarily make themselves felt in the heart 
tit n relatively o«rly poriiHl. Not only the involution of the body 
duo to old ago, Init I'wry «idK>.\ia, ovcrj- form of marasmus, 
whoUtcr duo to ftouto or vhrtMiio diseaso, may thus cause wasting 





nrsEASES OP the heart. — atrophy, 

tlio heart, wliicli manifests itself in thinness and atony of the 
muscular substance as a. whole, and hence as a uniform atrophy 
of the organ. Besides this general form, we may liavo partial 
ati-ophy — atrophy confined to the outermost or innermost layers 
of the musoular coat, sometimes indeed limited to circumscribed 
pat<>hes ; these partial atrophies being duo to local causes 

Whether the change be partial or general, the muscular fibres 
grow thinner, more slender, and may even disappear entirely. 
Tliis most important result of atropliy jircscnts itself under 
variously modified histological forms, whieli may bo classed in 
as many distinct groups. 

§ 237. (1) Bt-oifH atroplii/ is aiiaractfirised, as its anmo indi- 
cates, by a change in the colour of the muscular tisane, which 
assumes a rusty-brown or dark ocliry hue, coincJdently with its 
diminution in bulk. This peculiar phenomenon is caused by the 
deposit of a yellow, granular pigment in the interior of tlie fibres. 
It may either be uniformly distributcti tliroughout the contractile 
stibstaneo, or the granules may \ie heaped up in lino lines be- 
tween tho primitive fibrillaj anil around the nuclei (fig. SG) ; 
tlicir source is unknown ; we cannot tell whether 
they are simply the proper pigment of tho mus- 
cular fibre condensed, or whether the colouring- 
matter of the blood has a share in thoir pro<lue- 
tion. Brown atrophy is always general. It is 
most common in connexion with senile marns- 

, wasting from inanition, the tuberculous 

cancerous cachexia;. 

§ 238. (2) Vellotp atrophy consists in the ( 
transformation of tho muscular tissue of the 
heart into fat. (Cf. § 30 and fig. 7.) In pro- 
portion as the deposit of oll-globulos is more 
abundant, the muscular fibres grow pale, then 
yellowish, and lastly whitish and bacony. Tliey 
lose their firmness. The tissue grows friable 




Brown ntropii)- of 
muRcalar fibres 

Shred or ttnina- 
eular Injer ez< 
hibiting pig- 
ment - granules 
and rotten ; it breaks down readily under tho J," the^prhnitiro 
finger; on the other hand tho loss of bulk is fascicuU. j;^. 
often inconsiderable. 

Yellow atrophy contrasts with the brown variety In the 

[udity of its development. It presents itself under four forms : 

' As a ditTuse degeneration of the entiro muscular substance 

18 
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of the heart in the course of acute febrile diseases, the exanthe- 
mata, typhus (cf. § 112, note)^ &c. 

p. As a fatty disintegration of the superficial, snbpericardial 
layer of tlic cardiac muscle, in consequence of the nutritive dis* 
turbancc caused by inflammation of the adjoining pericardium 
{see Pericarditis). 

y. In the form of numerous foci not exceeding a pin's head 
in size, disseminated tlirougli the innermost, subendocardial layer 
of the muscular substance of such hearts as have been subjected 
to a liigh degree of dilatation (valvular insuflicieney). In such 
cases, the whitish dots and stria) due to this affection may be 
detected even through the endocardium, particularly upon the 
musculi papillares and columnar cameae near the apex. 

8. As a single focus of fatty softening (even as large as a 
hazel-nut) usually situated in the substance of the wall of the 
left ventricle near its apex. The atony and friability of the 
degenerated parenchyma usually cause rupture of the heart, 
differing from rupture due to other causes by the very gradual 
manner in which the muscular substance gives way layer aft»r 
lavcr. Atheromatous dcfjeneration of the coronarv arteries with 
plugging of one of their larger branches by a thrombus may be 
rcorarded in everv instance as the cause of tliis danwrous lesion. 

§ 239. Appenduc. Fat*y degeneration of the muscular sub- 
stance of the heart must not be confounded with that excessive 
infiltration of the subixjricardial connective tissue with fatty 
matter which is commonly called ^* fatty heart." The latter is 
associated with general obesity, and may give rise to very serious 
troubles, even to death itself. For the masses of fat overgrow 
the heart from the sulcus circularis and transversus to such an 
extent as to conceal the entire surface of each ventricle with the 
exception of a small patch; it is hardly conceivable that the 
movements of the heart should not be hindered by so great a 
burden ; then again, the infiltration forces its way into the inter- 
stitial connective tissue of the mvocardium itself. The latter 
phenomenon indeed is always confined to a limited patch ; the 
pressure is enough however to cause wasting of the corresponding 
portion of the heart's wall ; and it tends thereby directly to 
impair the functional powers of the organ. 
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c. Injlammaiion. 

j 240. Myocarditia is ono of tho most nbscuro chnptoi-s in 
general pathologj', and morbid anatomy enn only contribute very 
insufRciont data for its elueidntion. Esjierience has shown that 
tho moat trifling dogroo of inflammation affecting the striped 
miisdes of tho tnink and limbs — ci^. even that §Iight intumos- 
cenoo which wo find associated witli chronic rheumatism, and 
^fttli regard to which it is not yet settled whetlier it really is 
more than a marked dogreo of liypoKEmia — occasions the most 
violent disturbances of function. The mnscle rests in a atato of 
contraotion. Any attempt to extend it is most strenuously 
opiH)8od by the patient on account of tho intense pain to which 
it ^vo3 rise. Now if wo apply these results of onr csperionce 
to tho heart, it is obvious from tho first that oven tlie most trifling 
degree of dilTuse inflammation ought immediately to bo followed 
by an arrost of the heart's action and the consequent death of 
the patient, so that the inflammatory process could not attain 
the later stages of its evolution unless when oircumscrlbed and 
partial. Some have even gone so far as to deny the possibility 
of ft diffuse myocarditis. Herein they were undoubtedly wrong. 
I can positively affirm that an inflammation uniformly involving 
every portion of the heart may exist A male patient, 54 years of 
age, who liad undergone a protracted course of treatment for con- 
stitutional syphilis, and had subseqnently [lassed through an attack 
of double pneumonia, died suddenly a few days after his discharge 
from Uie hospital ; his deatli was so sudden as to rouse suspicions 
of apoplexy. At the post-mortem examination, apart from some 
syphilitic lesions, I discovered a condition of tho heart which I 
feel myself justified in unhesitatingly describing as a diffuse 
parenchymatous inflammation of its muscular substance. 

The heart was partially contracted ; its walls were so stiff 

' that it cnuld only be compressed by the application of a very 

larye amount of force. Even after the customary incisions had 
been moile into its cavities, its walls did not collapse. At the 
same time a singular and unusual condition of Uio muscular m 

tissue excited ray attention. It had lost its briglit red colour ■ 

which was <hished with violet ; tho cut surface was iridescent, iu fl 

^^■.•(Igcs nearly transparent ; in consistency it resembled caontchoue j j^^^H 
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of tlio lioart in the eniirso of acute fobrito disea* ^ ts be 

iiiata, ty[tlius (pf. § 112, nolc), &o. ioth peri- 

fl. As a fatty diniiitcgi'ation of tlio suporfi' m to great 

lavcr of the canliiw iniisclc, in tfonsoqueneo c (or theveeseli 

tiirbaiu'o iMiisirtl liy inflnninintion of tho ai' ^Sating in bohio 
(j»iv I'ericniilitis). 

y. 111 tliG form of numerous foei not e ^tkm were oveiy- 
iii si/i', (f isscmiiintttl tlirough tho innormr . ^jfirea waa occupied 
of the muscular substant-o of such liBaT+ , ^ diatxibuted, liut 
In 11 high degree of dilatation (valvulr 'J the nudei ; it migM 
o;isi>s, tho whitish dots and strias du ^ .. ■ JIietd never seco ft 
di'toctod c\-oii tlirough tho ondocar 'l-''^ "papenohymatouB in- 
iniisculi papillarea and coluinnaa car. ^ ^ - ibras coUectively were 

a. As Ji single focus of fatty .^ '/lirf, oblong fragments, an 
hazel-nut) usually Bituntotl in tl'. ''Ousp'ithologieal histology of 
left ventricle near its apex. !«^i^%^ed 88 due to mechanical 
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yet the fibres gave way rather than allow themselves to be 
stretched. There were numerous eechymoses under both peri- 
cardium and endocardium, which were probably due to great 
disturbances in tlie circulation through tlie muscle ; for tlie vessels 
were all empty, tlie lack of blood certainly contributing in somo 
measure to the striking loss of colour. 

§ 241. The results of microscopical examination were every- 
where the same ; the interior of the muscular fibres was occupied 
by a finely-granular deposit, not uniformly distributed, but 
forming little fusiform aggregations round tlie nuclei ; it might 
be regarded as "increased protoplasm." I have never seen a 
more pregnant illustration of Vircliovo^s "parenchymatous in- 
flammation." Moreover the muscular fibres collectively were 
broken up by transverse clefts into short, oblong fragments, an 
appearance which is not unusual in the pathological histology of 
striped muscle. It must always be regarded as due to mechanical 
rupture. I have assured myself that similar appearances may 
readily be produced in the muscular fibres of the rabbit by forcible 
extension. In the present instance we are at no loss to find a 
cause for such extension, and it may be inferred that the rigid 
and infilti'ated state of the fibres would make tliem all the more 
liable to be torn across in this way. It is self-evident also that 
these minute lacerations must impair the functional power of 
a muscle quite as much as the most extensive ruptures. 

§ 242. Apart from the diffuse, parenchymatous form of myo- 
carditis, certain appearances in the muscular substance of the 
heart are usually regarded as " results of myocarditis," without 
our having any adequate knowledge of the chain of phenomena 
which lead up to them ; these are : abscess, and fibroid patch of 
the heart. The former of these I will describe at once ; leaving 
the latter for the chapter on Cluronic Endocarditis. 

D. Abscess of the Heart 

§ 243. A circumscribed portion of the muscular substance, 
from the size of a pea to that of a bean, rarely larger tlian this, 
but occasionally as big as a walnut — is found to be deficient ; its 
place is taken by a tolerably thick pulp of a yellowish-grey or 
dirty-grey colour. This pulp consists, apart from numerous 
pus-corpuscles, mainly of tlie dibris of disintegrated muscular 
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res, albuminoid nmleculoti, aiicl oil-globulcs ; it also coniaina 
larger shreds of tlio contractile tissue, iii which, however, tlio 
transverse atriatioii is no longer to be recognised. Tlio iift'octed 
part is, in the main, of oval form ; but sinuses burrowing far into 
tlio muscular layer are also occasionally mot with. Tho boundary 
of the deposit aomctimes consiafa of a very soft layer of rcd- 
disli-grey material — granulation -tissue, according to Itokitamki. 
Should tlio abscess approach the endocardium, it may peel it off; 
sumetimcs too, it forces iU way between the lamellsa of tlio 
cuspid valves. 

§ 244. This condition may terminate in various ways. In 
iry rare cases, the purulent pulp may become inspissated into 
t cheesy mass, aiul surround itself with a capsulo of connective 
tissue ; tho cheesy nodule ultimately becoming calcareous and 
establishing a toleration of its presence. More commonly tbo 
abscess bursts, and its contents escape. According as it ap- 
proaches tlio outer or the inner aurfaco of tho myocardimu, it 
bunts either into tho pericardial sac, setting up a rapidly fatal 
pericarditis, or into one of tlie cavities of tho heart itself. In tbo 
latter event the bm-sting of tho atscesa is immediately followed 
by a rush of blood into its cavity which washes out the contained 
(l&ria. This opens out wide contingencies of embolism, mainly 
in tho regtou of tho syetomic circulation, inasmuch aa the abscess 
is usually situated in tho wall of tlie left ventricle, llio ubseess- 
cavity becomes a diverticulum, or an aneurism of the heart's 
cavities, if the name bo preferred. (Acute aneurism of the heart) 
How long this stato of tilings may last, depends entirely on tho 
thickness of the hitherto unafleeted portion of the wall of the 
heart. For it is this alone, together witli the visceral layer of 
the jiericardium, wlueh delays the inevitable rupture of tho heart 
and tho fatal extravasation of blood into tlie pericardial sac. 
AV'licu the abscess, as often happens, ia situated in tho septum 
veutriculorum, tlio residt is somewhat difibrent. A coniniunica- 
tion between tho ventricular cavities by a small ojicning does not 
seem lu have any marked intluenco u|ion the cireidatton ; should 
tho suppurativa change however have extended upwards from 
tho septnm, should tho pas have burrowed into the lax connoe- 
tivo tissue between tlio lamolla,- of the tricuspid valve, tlio burat- 
ing of the abscess may causu detachment of all the thi'ec Haps 
; attached to the septum, sc. the inner curtain i 
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tricusifid, the left fla)> of the pulmonary and the right flap of the 
aortic valves ; the result of course bein;; insulBeiencv of the cor- 
respourling vahiilar apparatus (cf. incompetence and stenosis of 
the valvular apertures of the heart, § 25i>). 

§ 245. ApjjeiidU. The term " abscess of the heart/^ besides 
being applied to tiie large solitar}' lesion described abo^-e* is also 
employed to denote tliose small and scattered foci of softening, 
not exceeding a pin's head in size, which are occasionally found 
in connexion with pysemic, puerperal, glanderous and other 
forms of blood-poisoning, and which are always multiple. Somo 
of tlicm are usually situatcil immediately beneath the ondo- or 
pericardium. Tliey make their first appearance as greyish specks 
in the muscular tissue ; later, as minute caWties tilled with a 
difSuent pulp. No true pus-corpuscles can be detected under 
the microscope, nothing indeed but vibrios (see § 24). At first, 
these vibrios are found {packed closely between the muscular 
fasciculi ; they subsequently penetrate into their interior, the 
muscular fibres simultaneously undergoing disintegration ; in 
fact, transverse sections give one the impression that the con- 
tractile substance is actually breaking up into vibrios, since tlio 
substitution of a mass of vibrios for the muscular fibre takes 
place without any increase in its volume. The alterations do not 
admit of being traced beyond the formation of little abscess-like 
foci of softening, inasmuch as the affection occurs exclusively 
in the most violent and quickly fatal forms of the said toxa^mic 
disorders. 

E. Ileieroplastic Tumours of the Heart* 

§ 246. When we come to consider tlie morbid anatomy of 
j^rous membranes wo shall become aa}uainted witli a primary 
sarcoma of the pericardium^ Apart from this, all cancerous, tuber- 
culous, and sarcomatous affections of the heart are of metastatic 
origin. But even these are rare. The occurrence of miliary 
iuberdes in the heart has only been known witliin the last few 
years. Recklinghausen discovered them in the muscular tissue of 
that organ; indeed it is a general rule that all heteroplastic 
growths are principally met with in the connective tissue of the 
myocardium; I have recently met twice with miliary tubercles 
in this endolBardium, near the fineo border of the mitral valve. 
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Both cases occurred in children, in connexion with acute miliary 
tuberculosis of all the serous membmnes and the pia niatcr. 

§ 247. The large cheesy nodules in the myociirdiuni which 
used formerly to be called " tubercles of the heart " are in all 
l>robability, as Viivhow has recently shown, not tuberculous but 
syjJiilitic. 

Gummata of the heart are most commonly found in tho 
septum between the ventricles. As a general rule, several 
nodules not larger than a pea are held together by a (juantity of 
inflammatory connective tissue, forming a single tuberculated 
mass; we do however find solitary nodules of so remarkable 
a size, tliat they protrude into the cavity of both ventricles at 
once. 

§ 248. Cancellous nodules-:— secondary to mcdullaiy or me- 
lanotic growths elsewhere — seldom grow to any size in the heart. 
AVe rarely find them liirgcr than a hazel-nut. They all originate 
in the connective tissue of the myocardium, and force their way, 
according to their position, eitlier inwards or outwards ; in tho 
former case, they detach and occasionally perforate the endocar- 
dium, in the latter, they do the same to the pericardium. It has 
also been asserted that thrombi of the heart's cavities (polypi of 
tho heart) are susceptible of undergoing cancerous degeneration; 
but this assertion is grievously in need of being corroborated. 

^. Endocardium. 

A. Acute Endocarditis^ 

§ 249. Attention has already been drawn to the fact that thd 
endocardium, although tho analogue of the internal coat of tho 
vessels, is yet far more delicate in its texture ; that it contains 
vessels — at least here and there ; that where these are lacking, 
the rich vascular net^vork of tho myocardium sends its teiininal 
looi)s close under tho thin lining membrane, so that wo may 
regard the latter as standing in direct connexion with the vasa 
vasorum. We cannot therefore be surprised to find that the 
endocardium is far more suscei^ible than the tunica intima of 
the vessels. Various anomalies in tho composition of the blood, 
the pyremic, puerperal and typhous dyscrasias — but above all, 
the dyscrasia associated with acute articular rheumatism, act as 



:>5. cntCULATORY APPARATUS. 

fplliimmnr'i:*<r irritants upon tbe endocardium. According to 
/<rf .w/i/7*T^ V estimate, 20®/« of all the cases of acute articular 
riiPiiinurboii arc complicated with endocarditis. 

A^ rv^ranls the more precise localisation of the process, ire 
nut<i irn call attention to the fact, that the cndocanlial lining 
h M Iot\ heart is so preeminently liable to become affected that 
jMiiet^ of endocartlitis of the right heart belong to the curiosities 
^/t ^«ttUioIog}'. Next, tlicre is a marked connexion between the 
scat of the disease and the mechanical irritation to which certain 
regions of the endocardial surface are exposed during the heart's 
conti'actions. Such are the lines along which the valve-flaps 
come into contact during their closure ; not the free edges of the 
valves, but linos which even in tlie normal state are very appa- 
rent on the sigmoid valves, lines which coincide with the free 
bi>nler of each flap only at its middle {>oint (nodulus Arantii) 
and at its two extremities, but which are separated from it elsc- 
whoro by an interval of from half a line to one line ; on the cuspid 
valves tlie " line of contact ' ' is evervwhero one line off the free 
bonier ; it nuis along tlie upi)er surface of each flap, correspond- 
ing exactly to the insertion of the upper ends of the forked 
chorda} tendinea? upon its inferior or ventricular aspect It is 
here as a rule that we nmst seek for the earliest signs of morbid 
change. Starting from hence, the mischief may extend over a 
grcat part of the valve ; it may burst forth simultaneously at 
another jwint of the cndocanlial surface ; but tlie " lines of con- 
tact *' of the valves are and continue to be its favourite scat. 

§ 250. Tlie textural change in acute endocarditis is made 
up of three factors of very unequal value. In the first place, an 
implication of the vasa vasorum may bo demonstrated wherever 
thcv happen to run in the neighbourhood of the inflamed part 
t\»ngestion and a considerable proliferation of the corjmscular 
elements of the adventitia may always be shown in trans- 
verse sections through the inflamed curtains of the mitral valve 
(tig. ^Ty i). Of far greater moment i\rc the progressive changes 
which take place in the non-vascular, most Kui)erficial lamellse 
of the ondocanlium. Their connective tissue, owing to the pro- 
liferation of young cells in large numbci's and a simultaneous 
Si>ftening of the intercellular substance, swells up to such an 
exteuty that even with die naked eye we can detect a series of 
warty ivuminonces on the sur&ce of the valve (fig. 87, c). 
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Theso granulations are exceedingly frail. Not only does 
their mutual contact during the closure of the valves splinter 
and damage their soft tissues, but they speedily fall a prey to a 
finely-granular, not fatty, metamorphosis of their entire sub- 
stance ; this renders tlie vegetation so very brittle, that the 
blood-current easily washes large and small bits of it away. 
When this happens, a proportionate loss of substance, the 
" endocarditic ulcer," is produced, which usually penetrates 
clean through ono lamella of the valve. The edges of the ulcer 
are always irregularly raised ; they exhibit, so long as the endo- 
carditis is on the increase, the primary stages of the process, 
which extends to the neighbouring connective tissue. A similar 
extension occurs, though less frequently, at the base of the ulcer ; 

Fig. 87. 




Acute ondocarclitis. Section through ono of tho curtains of tho 
inflamed mitral valve, a. Upper, a', lower lamella of tho 
endocardium; h. Intermediate layer, whoso vessels are 
congested; c. Efflorescence of upper lamella; d. Deposit 
of fibrin. Vu* 

the remaining lamella of the curtain becomes involved, and when 
this yields the valve is perforated. Perforation of a valve is one 
of the most dangerous accidents that can hapiKjn ; for the force 
of the blood-current may easily dilate the original ojicning ; or 
the curtain may bo detached on one or other side. In tho 
cuspid valves, it occasionally happens that tlie whole edge of the 
curtain is detached together with tlie insertions of the niusculi 
papillarcs. The jKirforation, like the ulcer, is invariably fringed 
with the inflammatory vegetations described above, which, in 
consequence of the fibrinous deposit of which I am now about to 
speak, may assume so great a size, that the opening in their 
midst can hardly l)e detected. 

This rapid course of endocarditis in its most usual form never 
issues in suppuration. This is anticipated by the granular dis- 
integration idluded to above — a sort of necrosis of tho newlr- 
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furincil hubataucc. Tliis i]:u^t not to taken to mean tl;at >u{;'L:- 
ratiou n^vtr conij>licates the morbid r.natr'U»y ct cii-ix-arditi^. 
Only, when pii?* is formed, it is always C'-nrir.t.^l to the 1.<:m? 
connective tissue between the lamella? of the valve*, and to the 
subendocardial connective ti>sue : nuirn-over it never c«:'IIet?r.> in 
any quantity, but always takes the t'orm of luinuto absoi-sse?, no 
bigger than a pin's liead, which cause iiustular tlovations of the 
endocardium. 

Tlie third factor which j^lays a more or K<> c<^'r.s.ieGons ] art 
in eveiy case of acute endocarditis, is the j'refijviiati*-n of tibrin 
ujx)n the roughened surface of the atfected valve. I lay strtss 
on the fact that fibrin alone is usually de[K«sitcd : il:o thrombus 
rarely contains any red corj>uscles. I cannot help tliinkinir that 
owing to the naked-eye resemblance of the fibrinous •I».-{i>>it to 
the proper outgrowth from the tissue, their real Jl>:ir.cir.e':s is 
often overlooked. The precipitated fibrin (fig. -^7. a^ tills up 
all the little inequalities of the surlace, and increases the ti tal 
bulk of the efflorescence to such a <li>prc'ponirRate extent, that 
it strikes the observer much more tV»rciblv than the morbid 
change in the valve itself. To conclude : the coagulation t'f the 
fibrin is not, anv more than in an aneurism, to be regarded as a 
salutar\' phenomenon, as a first stej) towards recovery. The 
fibrin readilv becomes disintcOTated. It does not therefore 
operate as a check either to the progress of the idceration, or to 
the perforation of the valve, while it enhances the risk of meta- 
static inflammations consequent on embolism of its detached 
fragments. 

1). Valvular AneuAsm. 

§ 251. The way in which the so-called valvular aneurism 
originates, is worthy of particular notice. Under this name — 
taken broadlv — we understand anv circumscribed bul<::in^ in the 

ft ft v7 G 

continuitv of a valve. Conditions of this sort are not as a rule 
in anv wav connected with endocarditis. Thev are saccular or 
lK)Uch-like inflexions of a valve, in whose formation both of its 
lamella? (without any previous change in their structure) take 
part. The |>ouch invariably opens on that side of the valve 
which is exposed to most pressure when the valve is closed, 
while the sao itself is on the opposite side. In the aortic >'alves, 
we enter the aneurismal saoculus from the sintis of Valsalva ; in 



DISBASBa OP THE HEATtT.— ENDOOAnDins. 283 

Uio cuspid valvijH, from tliu voiitrivular cavity. BgsiiIcb Uicso, 
wo nceasioiiall}^ meet with diverticula iu tlie walls of Uic beart, 
near Its orifices, prcoiscly analogous to tlic aneurisms in ijiicstioii, 
though a strict uso of language must of courau forbid us to call 
tliem " valvTiiar," Tlicao arc found at thu urigiu of tlie coronary 
arteries and oa the floor of tlio imiormost sinus of Valsalva. 
The latter, by far tho moat common of these pouches, project 
into the riglit heart, sometimes above, aometimcs below, some- 
times between tho lanicllx of that curtain of tlic tricuspid valve 
which is attached just opposite to them. The same tlireo paths 
are open to aneurism of tlio inenibrauous ]tai*t of the eeptum 
vaitricttlornm, which comes under the present category. It may 
force its way from the left ventricle, over, under or between tho 
folds of the loft curtain of tlio tricuspid valve, and so into tlia 
right vcntincle, I have seen a case, in whicli an aneurism of 
the sinus of Valsalva, as largo as a cherry, projected on the 
upper surface of that curtain, while on its under surface was one 
as large as a ])oa formed by tho teptum peiiucidum. 

After this digression, let us return to vahnilar aneurism con- 
soquont upon endocarditis. Tills form is necessarily procodod 
by llic oumpluto destruction of onu of tlio lamella: of the valve, 
liie blood make* its way into the opening thus produced, foi-ces 
the lamella< asunder, and causes a more or less extensive [Hiuching 
of that wliich is still intact. The ondocarditic or acute valvular 
aneurism ia thus essentially distinguished &om the first variety 
by tlie iaai that tho poucli is formod, not by the entire lalve, but 
by one only of its lamellic. 

H C. Perforation of Valves. 

§ 25d. Here too we must dtstinguisli between dcEtructiun of 
tho valve projxtr by inflammatory change, and a liarmless variety 
of porforatiun, wliich is very often met witli at tho free borders 
of tlie semilunar valves. The latter depends upon a thinning of 
that portiou of tho valvo which lies ahoi'c tho actual "line of 
contact" (tiie line along which the valves touch one another 
during closure), and is in my opinion notliing more than an 
approximation of tho sigmoid to the cuspid t_\-pe of valvo. 

For if we glance at the anatomical arraugomcnts intended to 
prevent regurgitation of the blood, wo see at onoo tliat thejr 
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belong to two distinct types, that of the sigmoid and that of the 
cuspid valves. This difference of typo may be dismissed in a 
few words. The sigmoid valves are duplicatures of the iiitima, 
each of whicli forms a semicircular fold with its convexity 
directed towards tlie current; the terminal points of the lines 
along which the valves are attached, being all in the same hori- 
zontal plane. Accordingly they form pouches, which touch one 
another bv their outer surfaces when they are filled with blood, 
and so close up the tube. The peculiar way in whicli these flaps 
are attached, renders it impossible for them to move othenvisc 
than tciVA the current The cuspid valves on the otlier hand, 
consist of moveable curtains, attached in the same horizontal 
plane, at right angles to the axis of the vessel ; and these, so fiu* 
as their mode of attachment is concerned, might be folded over to 
either side indifferently ; nevertheless, they too can only yield 
to tlie bloo<l-currciit in one direction, inasmuch as the union of 
their fi'ee borders with the chordai tcndinea) prevents tlieir being 
forced into the cavity of the auricle. 

It would indeed be matter for surprise had Nature, usually so 
simple in the methods she adopts, really contrived two kinds of 
valve in the })resent case, differing from one another in principle ; 
we ought therefore to consider whether the apparent diversity of 
anatomical construction may not be reducible to a simple modi- 
fication of one and the same fundamental tyi)e. Now it seems 
to me that this tyjx) is to be found in the sigmoid form of valve ; 
not only because of its more frequent occurrence in the organism 
(valves of veins, &c.), but also because the innocuous variety of 
perforation which we are now considering, })resents us with a 
modification ol* the sigmoid valve, tending to ai)proximate it to 
the cuspid type. 

Tliis perforation, as may bo seen at a glance from the 
annexed figure, may be regarded as a jiaiiiial separation of the 
free border of the valve, extending from the nodulus Arantii to 
its terminal attachment Now during the closure of the valves, 
this free border acts as a retinaculum ; it hinders the valve from 
receding to too great an extent. One need only put the tip of 
one's forefinger into a sinus of Valsalva, to be convinced 
that the valvular pouch is narrower at its entrance than at 
'ho "line of contact;" i.(?. that the free margm of tlio valve 
ms a shorter and straighter bond between tlio nodulus Arantii 
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and the wall of tbc vessel, than does the " line of contact." The 
free border of the valve thereforis acts as a retinaculum in 
exactly the same way as the chordaj tendincas of the cuspid 
valves, F|or tlic perfonnanco of this function it is clear tliat all 
that part of tho surfaco of the valvo which liea between the fi-ee 
border and the " lino of contact," is superfluous. Hence the 
disappearance of this intermediate portion (only a few connecting 
strips of it being loft) is an acknowledgment of tho functional 
independence of Oic free border. 

In extreme cases (which are not, upon tho whole, rare) of 
marginal perforation of tlio vaivca, a nearer approximation of 
the sigmoid to the cuspid type is brought about by tiie esistencs 
of an interval between tho point at which tho marginal part of 
tlio vah'O is attached to the wall of the vessel, and the point at 

Fig. 83. 
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FoDostrated semilanar valves from thp [lulTuonary arterj. 
Natura! aiae. 



whicli its " line of contact " is attached. So that tho correspond- 
ing halves of tlie free borders of any two contiguous flaps, 
togetlier with the fine tlireads whicli link them witli the " line of 
contact," spring from a point of tiio arterial wall above the real 
insertion of tlio valve. This interval between the points of 
attachment of the rotlnacula of the valvo-flaps, and that trans- 
verse plane of the vessel which it is tlie business of the valvo to 
close (making it possible to retain the valves in a more vertical, 
and therefore iji a more secure jjosition), is tlie fundamental 
principle of tho cuspid type of structure. Pig. 88 represents an 
extromo example of perforation of the sigmoid valves ; the 
bundles of teudiuous threads Etretehod over the glass rod, which 
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has been passed from one sinus of Valsalva, over the point at which 
the " line of contact " of the valve springs from the wall of the 
vessel, into the next sinus, i)erfonn the same office as the musculi 
papillares of the ventricle. Tlie point of origin of the " line of 
contact " may now be moved further downwards without any 
uncertainty as to the perfect competency of the valves. Tlio 
flap itself may become gradually flatter and more pointed, the 
nodulus Arantii being kept in its old position, while the angle 
fonned by the two limbs of each *' line of contact *' grows pro- 
gressively less and less obtuse ; tliis also is well shown by the 
specimen in the annexed figure. Briefly, the innocuous variety 
of perforation or fenestration of the sigmoid valves is, in my 
opinion, a connecting link between the sigmoid and the cuspid 
types, 

D. Chronic Endocarditis. 

§ 253. In marked contrast to acute inflammation, and that 
softening of the valvular tissues which results from it, chronic 
endocarditis produces an extreme condensation and thickening 
of the endocardium. Most persons suffering from chronic endo- 
carditis give a history of fonner attacks of acute articular 
rheumatism. Hence we may admit the possibility, nay the 
probability, that the endocai'dial changes maybe of acute origin ; 
a lesion, however insignificant, situated in the " line of contact " 
of the valves, being continually exposed to mechanical irritation, 
might refuse to heal; and might serve in consequence as a 
starting-point and centre for a chronic inflammation, such as 
we ofl^n meet with in neglected ulcers of the skin. 

On the other hand, it is necessary to throw the identity of 
this process with chronic endoarteritis into strong relief. In 
either case, the microscope shows an inflammatory overgrowth 
of connective tissue, followed by a secondary stage of calcifica- 
tion, or, more rarely, of fatty degeneration of the newly-fomicd 
products. Tlie only special feature about chronic endocarditis 
is the marked tendency of the inflamed parts to contract-. 
This tendency, of course, can only manifest itself in the dupli- 
catures of the membrane, since their one-sided attachment allows 
a retraction of their free borders to take place. 

§ 254. Every point of the endocardial surface may be the 
seat of chronic inflammation ; yet it affects the valves and the 
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apex of tlio icft ventricle in buoL an overwhelming innjority of 
that I inny Ihirly confiuo my remarks to those two tocaliticB. 



E, Vahtilar defects. 



Fic. 




§ 255. TlioBO coarser distortions of tho orifioos of the lieart 
which are caiisod by chronic endocarditis arc embraced under 
tho general heail of valvular defects. TIioso are always mado np 
of thi'eo distinct anatomical Actors, which have to be considered 
seiMiraUtly in eveiy case : 1. Thkiening — tho immediate residt of 
overgrowth of the connective tissue. Slight degrees of thickeniug 
are extremely common at tlio base of tlio aortic valves and along 
tho " lino of contact " of the mitral ; they do not 
aObct the functional activity" of the valves. Higher 
degrees of tho same alteration give rise to rough 
elevations, hardened by eartliy deposit; along tho J 
"lino of contact" of the mitral valve these are \ 
usually eon&nod to one surface only ; in the 
aortic valves thoy usually ail'cct both. They 
cover tho entire surface of the somilunar valves ^^^^^fo^f S 
with a layer several lines thick, so that instead aortic orifice. 
of tJireo delicate, sigmoid flaps, we ultimately Thickeniiigand 
find tlirco rigid, tuhorcnlated bodies festooneil tho valve-flupa. 
round tho wall of tlio aorta (Gg. 89). Nfttnral liise. 

2. Retraction. This results from shrinking of the hj-perplastio 
connective tissue. Together with the thickening, it gives us the 
impression that tho entire mass of the valvo is crumpled into a 
small, elongated roller — that tho curtain is rollo(^ up. Curiously 
enough, tho narrow borders of the aortic valve Iwyond the " line 
of oontact" oflon remain unaltered,- and faang from the free 
edges of the shrunken valves like flexible bands. At the mitral 
orifice, where the process extends to tho ehord-Tj tendinea;, tho 
shortening cause* the valve to be dragged down into the ventri- 
cular cavi^, tlms fixing it in the attitude which it ought only to 
occupy after tho close of eudi systole (tig. 00). 
I 3. Ad/union. The tiaauo of the inflsmeil valve, notwith- 

standing its rigidity, is capable of a certain degree of internal 
movement ; it is in a rtato of inflammatory flnxion, which allows. 
I it to adhero to its fellows, wherever thej' happen to touch. So long 
^^a» tho valvular apparatus retains its normal mobility, any two 
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-pmnts which toach each other dnring the closure of the valve, 
•re always Beparated when it opens; bat the inflamed valves no 




Inanfficiencj and etonOBis of the mitntl ralve. The valre is 
converted into a rigid funnel, Iiud open at a ; the musciili 
papitlares have been cut airay from the ventricular walL 
The cut snrfaoe at a shows the thickening of the flapn, 
which is also seen in the background ; at a moreover there 
ia a nucleus of calcification. The chordffi tendine« are 
thickened and fused together; the mn>c. papillares indurated 
and tendinous at their tips. 

longer, as a rule, possess their full mohility; and adhesion 
always begins between those points which are least separated 
during the opening of the valves. The ooales- 
^"'- ■ ^- oence of two neighbouring flaps takes place along 
the " line of contact " from without inwards. In 
i the sigmoid valves of the aorta the fusion always 
I occurs first between tlie right and postarior iapa. 
T When once it has extended as far as the nodulus 
Arantii, the partition between the adjacent sinuses 
of Valsalva sinks down, and the two flaps are 
riitht'Md pos^ fused into one ; this in some measure docs the 
tenor flaps of work of botli, unless otherwise prevented hy 
At "^"thY U^' t'^ot^^"'"? »"d contraction (fig. 89). Fusion of 
of union. The the curtains of the mitral, stands foremost as 
valve "» com- regards frequency and mischievous effecL The 
IT CTusista of auriculo-ventricular orifice is thus gradually 
only tno flaps, narrowed from either side, till it finally becomea 
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a mere slit, the mitral valye forming a rigid diaphragm between 
the auricle and ventricle. The fusion of the chordre t«ndine£B 
(fig. 90) starts from their points of bifurcation and their oblique 
insertion into the under surface of the valve. This contrJbuteB 
not a little to the rigidity and immobility of the valvo. 

Clinical Applicatioss op the above Statements. 

It is obvious that the eiUtence of valrnlar dofecta must cause pro- 
found disturbancBH, firat in the movement of the blood, and secondly in 
the functions of Che varioaa organs. Valvular lesions, whether due to 
chronic changes or to acute endocarditis, may, from thin point of view, 
be grouped under two beads ; 

1. Thiokening, rigidity, calcification and coalcaeeuce of tha valvGB 
prevent their being accurately applied at the right mument to the wall of 
the veBBcl or the ventriclQ («c, in the case of the aortic valves, during the 
systole, in that of the mitral, during tha diastole), so that the valve con- 
tinnes to project into the corresponding orifice, narrowing its lumen 
(•lenosii). The blood-current impinges upon this obstacle and ao causea 
a murmur which is beat heard at that point of the thoracic wall, to which 
it is most directly conducted. 

2. Retraction, perforation and partial detachment of valves, and 
rupture of obordse tendinese, prevent tho valves from completely closing 
their respective orificea, at the moment when their tension ought to be 
opposed to the regurgitant current of the blood ; an opening is con- 
sequently left, through which the blood returns into the cavity from 
which it has juat been driven {ingiipcUin-i/). The closure of the valves 
is normally accompanied by two audible sounds ; the first, systolic in 
rhythm, is due to tho tension of the mitral valve ; Che second, diastolic 
only, to that of the semilunar valves. Noiv if this sudden tension doeH 
not occur, the corresponding sound must also bo wanting. In its place 
we may have a murmur caused by the regurgitation of tho blood through 
the abnormal orifice ; a murmur which may indeed be intense, bat must 
always bo of short duration. Stenosis and inaufflciency always occur 
together as a result of chronic endocarditis ) acute endocarditis, how- 
ever, by causing perforation and detachment, may be followed hy in- 
sufficiency without stenosis. 

a. Sleitoitis an<l I<is\i^ioiciieji of the Aortic Valc.i (figs. 6C aud ?J). 

The left ventricle of an adult puropi) about three ounces of blood (a 
wineglassful} into the aortic system at each systole. Tho increased rosist- 
anco offered by the contracted aortic orifiM is transferred as an increase of 
systolic pressure to the internal surface of the left ventricle, and, accord- 
ing to tho law Laid down in § 235, mnst lead to its hyperCrophy. At the 
Btimc the stenosis will cause a syatoUc murmur which will be most 
. : 



290 CIRCULATORY APPARATUS. 

diitinotly heard orer the right edge or the Btemnm on a lerel with Ike 
Moond intercostal space, ioMmncb as the aeoending limb of the aortic 
arch lies ia close proximitj to the thoracic wall, at this point (fig. E>2, e). 
The murmur is propagated into the arteries. Another seriefl of pheno- 
mena manifoBts itself during the diastole of the heart. The inBumcieney 
of the sigmoid valvet allows a part of the hlobd which has jnst teen 
driven into tho aorta to regargitat«, as the preesare in the left yentricle, 
when it is relaxed, stands lower than that in the aorta. The familiar 
diastolic click of the healthy valre is no longer heard ; its place is taken 

Fig. 92. 
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Hjp«n^rophy of left Tcntricle. He*rt fit tita. a. Left mammary 
line; 6. T. cara superior; c Aorta; d. Bulb of pnlmonary 
artery; e. Bight anricle;/. lUBhtTentriolei 9. Left auricle; 
K. Left Tcntncle (nonnal siaej; 0. Left ventricle (hyper- 
trophied). 

by a second, diaatoUc murmur, most clearly heard dmr the heart's apex 
towards which the returning blood-current is directed. A farther con> 
sequence of the Talmlar insufficiency ia tho npid collapse of the pulse 
in the arteries ; the mechaniBiu of the collapsing pulse in the present 
rase being different from that in chronic endoarteritia. The chief danger 
which threatens patients sufiering from stenoflis and insnffloimcj is 
nndoubtedly the lowering of the blood-pressore in the arteriaa, and 
the consequent equalisation of the arterial and venons tenaioni 
whose differenoe alone it is which reudera the paasaga of the blood 
throngh the c^nllariea posaibU. Henca tha T ~ 



DI8BASE8 OF THE HEART. — TALTULAR DEFECTS- 991 

tht tvisi uid in tlia polmonftrf cironlatioi), CBnimg ojwioiii, dtopaj, 
Att. JCaawhila tbsH sstreme BTiaptomB are wuded off fbr tt long 
tinw b7 tho dil«tation of the lett faeart which nccompaniM its h^eis 
trophy ; this eiubtM it to accommodate an abnornull; large omoant of 
Uood And adapt! it bi racaira a part of that which hu jost been driren 
ont of it. Thii dilatation is a resnlt, not of the iasnfficiencf , bat of the 
•tenons; bnt it makM amends for the insafficienc; just as hyiKrtrophj 
obTiates the dangers of steuosiB. All these methoda of spontaneooB 
eompentttian howeTsr, have their limits. Snpposing the obstmetion at 
the aortic orifice to be complet*, it is clear thai the utmost degree of 
bTpertn^hy and dilatation would not Boffice to obviate the imminent IbU 
bf tension in the aortic system. ITow cases of stenosis occur which art 
really not ftr remored from complete occlusion of the aortic orifice. 



Hypertrophy of right ventricle. Heart in lilu. Beforences aft 
in previons fignre. Dotted line represents oDtline of hyper- 
tropUed right rentriclo. 

p. BtmMit and Intuffietrnty cf the Mitral Tolw (6gB. 93 and 90). 
Stenosis of the mitral orifice impairs the facility with which tbo 
blood normally flows into the left ventricle during the cardioc diastole. 
The blood stagnates in the lelt auricle. This stagnation causes a 
pressure in its interior analogous to the increase of systolic pressuro 
npon the inner iilrBsoe of the left ventricle in stenosis of the aortio 
oriflc«L The left auricle indeed, under snob cironmstances, is prone to 
I dilatation, which if hewftver, always auooiated with ■oma 
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thickenint^ both of the muscular coat and the cndocaniium. A diaatolic 
murmur is naturally generated in the contracted anricnlo-rentricular 
orifice during the cardiac diastole; this is best heard at rlie heart's ^pex 
towards which the blood-current is directed. Xoxt comes the systole. 
During this, a portion of the blood tvhich baa passed into the rentricie. 
is driven back into the auricle throuqU the incompetent valve ; hence a 
systolic murmur replacing the first aound, so far ad this is due to closure 
of the mitral valve. In this partial regurgitation of rho blood from the 
left ventricle, we have another cause of increased bloi^d- pressure in the 
left auricle. So that the insufficiency and ihe stenosis combine :;o cause 
increased tension in the left auricle, and in the whole pulmonary circu- 
lation. All the important clinical phenomena group themselves round 
tkis as a centre. The increased tension is to some extent ?alutary, 
inasmuch as it assists in filling the left ventricle rapidly and completely 
during the diastole, in -^pite of the contraction of the mitral onfice. It 
compensates therefore in some degree for the valvular defect. On the 
other hand, however, it occasions conjjestion of the pulmonary vessels, 
ft passive hypenrmia of the lung^, which learis to "l^rown indunition" 
of those organs icf. Morbid Anatomy of the Respiratory Orgim.-?'. The 
second sound of the heart, ^o far as it is produceti by the pulmonary 
Tftlves, appears exaggerated, owing to the increase<l tension of th^ir riaps. 
This is mo«t distinct to the left of the sternum, on a level with the third 
rib, where the 'O'.*'.^ ^j'^.rio**'.!' ifig. 'J->, '^i lies nearest to the che«t-wall. 
Again, the work of the right ventricle is increaseJ, ir.;iama'..Ii aa it has 
to open the tightly- stretched valves of the pulmonary- artery with each 
systole, and to pump the blood it contains into the already ovcr-di a tended 
pulmonary ay stem. The result of this is hypertrophy of tI:o right 
Tentricle d^e § iOoi. The h\-pertrophy is associated with dilatation. 
The right auriculo-ventricuLir orifice takes part in the dilatation, and 
ultimately gets so wide that the tricuspid valve no longer suffices to 
close it during the systole. A relative insufficiency of this valrc also is 
thus brought about; tho stasis extends to the systemic veins, and 
leads to morbid changes in the liver, alimentary tract, kidneys. &c., 
which we shall have to consider when we treat of the morbid anatomv 
of these organs. A highly characteristic symptom of this relative in- 
sufficiency of the tricuspid valve is the so-called " venous pulse," due to 
propagation of the systolic wave into the principal veins. Stenosis with 
insufficiency of the pulmonary valves is nearly always congenital and 
will be referred to in the third section of the present chapter. Stenosis 
with instiffieiency of the tricuspid is exceedingly rare. The presence of 
Tenons pulsation is one of the chief guides to its recognition. 

F. Fibroid Patch and //aHial Anturistn oj the HeaH» 

§ 256. Chronic endocarditis leads to very different results 
when it invades that part of the endocardium which lines the 
cavities of the heart The hvperplastic thickening of the con- 
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iiective-tissue layer in this region, never gives rise to any appre- 
ciable elevation of the surface ; on tlie contrary, the aSected 
9p«t is fi-ora the first depressed below the level of the surrounding 
paiis; this depression passes by slow degrees into an actual 
bulging, and finally into an anenrism. 

The auterior wall of the left ventricle is tlie usual seat of such 
alterations. Here, in the neighbourhood of the heart's apes, 
the endocai-ditim assumes a mJlky, tough, fibroid appearance 
over a spot as large as a dollar, or even larger. Its surface is 
smooth ; sniootlier indeed than it ought to bo ; we miss the irre- 
gular conformation which this region in particular owes to tlie 
columnEe earner. On cutting into it we find that underneath 
the thickened endocardium not only the columnfe carnefe, but 
tlie entire muscular coat has disappeai-ed. We find a "tendi- 
nous spot " extending through the entii-e thickiiess of the heart's 
wall, from one to two lines thick, made up of white, dense, 
inelastic connective tissue ; in it we ai'e no longer able to dis- 
tinguish endocardium from muscle, muscle from pericardium. 
Under these circumstances it becomes a question, whether the 
entire process is not to be regarded as essentially a circum- 
scribed indurative inflammation of the muscular tissue (§ 242). 
There can be no doubt that the muscular coat of the organ ia 
really destroyetl by nu overgi-owth and shrinking of tbo inter- 
stitial connective tissue. At the edges of the affected part, 
where the myocardium, gi'owJng gradually thinner, passes into 
the tendinous patch, I have never failed to find atrophied 
muscular fibres, lost in a connective tissuo rich in corpuscular 
elements, though not in a state of luxuriant proliferation. But I 
insist that this process must be regai'ded as a direct extension of 
the chronic inflammation of the endocardium to the subendo- 
cardial anci intermuscular connective tissue. For the myocar- 
dium is not nlwaj's utterly anniliilated ; and it is usually its 
ir, not its inner layers which still i-emain intact. 
§ 257. The fibroid patch, as I have already said, forma a 
lecessary preliminary to a c ire u inscribed dilatation, a partial 
aneurism of the heart. Notwithstanding its innate tendency to 
contract, the newly-formed connective tissue which Las taken 
tlie place of a portion of the heart's muscular wall is unable to 
resist the pressure of the blood. The affected patch is accord- 
igly stretched, and assumes the shape either of a uniform, 
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shallow bulging, or of a rounded, saooular appendage to tb^ 
heart's apex, communicating with the interior of the veutricle 
by a somewhat narrow opening. The size of the aneurism varies 
within wide limits, from that of a cherry to that of a hen's egg. 
Coagulation not unfrequently occurs in its interior ; the pro- 
bability of such a complication being proportionate to the degree 
in which the aneurism approaches the saccular or pedunculatetd 
type. In marked contrast to the aneiurismal dilatations of the 
larger arteries, this form occasionally undergoes spontaneous 
obliteration ; a phenomenon which depends, according to Eoki- 
tanskij not so much on the presence of a clot, as on the develop- 
ment of vegetations of connective tissue from the inner surface 
of the sac. Rupture seldom occurs, and only when the walls 
of the sac are extremely thinned ; in striking contrast to its 
frequency in cases of acute aneurism of the heart due to sup- 
purative myocarditis. 

G. Tlirombom of the Heart, — Polypi of the Heart. 

§ 258. If we glance at the usual causes of thrombosis, 
(roughening of the inner wall of vessels, and retardation of the 
blood-current) we shall be led a priori to tlie conclusion, that 
diseases of the heai*t must afford excellent opportunities for the 
occurrence of this phenomenon. Attention has already been 
called to the fact that the recent efflorescences of endocarditis 
are usually coated with fibrinous deposits of variable thickness ; 
such deposits are very rarely to be seen on the surface of in- 
durated valve-flaps, even when these exhibit projections and 
irregularities of every sort. We must nevertheless remember 
that every irregularity of the endocardial surface may serve as 
a nucleus for the precipitation of fibrin. True, the thrombi so 
produced are usually of moderate dimensions, and are never con- 
verted into those great, globular eoagula which are briefly termed 
"polypi of the heart," or, i^-ith LaenneCj "vegetations globu- 
leuses." These are always due to a relative retardation or 
absolute stoppage of the movement of the blood in certain 
regions of the heart The most usual case is that of incomplete 
expulsion of the blood contained in one or other of the heart's 
cavities owing to stenosis of an orifice, or to imperfect con- 
traction of the organ. That portion of the contained bjood 
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wliicli is farthest frnm tlie orifice of exit does not get driven 
out ; it remains in the apex of a ventricle or an auricular appen- 
dix as tlie ease may bo. In these regions there are a number 
of pouched recesses, often branched and Iiidden, from which the 
blood can never be expelled save by very complete contractions. 
Such rocesses do a great deal to help ooBgulation ; it is in them 
that we always find the first beginnings of tlie process. A 
number of little clots are often found blocking up the inter- 
trabecular spaces of the heart's apex, to such an extent as to BII 
up, more or less completely, the inequalities which normally 
exist in that region. 

5 259. The nest step is for the \'artous thrombi to protrude 
from the nooks in which thoy had their origin ; the contiguous 
ones coalesce ; and in Ihia way, simple clots of considerable 
length and thickness are produced, which take up a great part 
of the heart's cavities. Their shape conforms in a general way 
to that of the cavity which they pai-tially fill, and to whose 
inner suiface they arc closely applied at eneli nystole. I have 
i?een a tlm)inbu9 occupying the left auricle project through a 
contracted mitral orifice (whore it exhibited a corresponding eon- 
traction) into the left ventricle, where it again swelled out. The 
clots usually terminate in a rounded end, which led Laennec to 
call tliem " vegetations globuleuses." Their colour depends on 
tlio time they have existed. We seldom meet with thrombi of 
any siite wliidi are still solid tliroughout. Such thrombi exliibit 
an exquisitely laminated composition, and it is easy to see that 
this concentric lamination begins in tlie most external layers of the 
olot, and that the outermost lainelisc are consequently tlie oldest. 

The farther changes which the throinbns luidergoes depend 
upon the fact that its peripheral layers are better able to obtain 
nourishment Uian its nucleus. As a rule therefore, we find de- 
eolorisation and softening not in the oldest, but in the most 
central parts of tlic entire clot, from which these changes spread, 
layer hy layer, to its surface. They may progress until we have 
a spherical cyst filled with purifonn fluid, attached to the walls 
of the cavity by solid rootlets (the first inter trabecular coagula). 
I need hardly add, that if the thrombus should by any chance be 
broken up, the patient will be in imminent peril of embolism, and 
the inflammatory and suppurative accidents which flow from 
tmbolism. 
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(fig. 95). That portion of the arch whicli intervenes between 
the left subclavian and the ductm arteriosus Bolalli, is termed the 
islhmui aorta. 

Departures from this order during the early development of 
the great vessels are not infrequent. Thus the septum between 
the innominate and left carotid may go beyond the areh, may 
oxteud into the aortic bulb. We then get a double aa<-ending 
aorta, whose smaller right limb is nothing but the innominate 
trunk which has become independent. 

Should the separation of the left carotid from the left sub- 
clavian remain incomplete, the two vessels spring from a common 
trunk, a Ufl innominate artery. 

Again, the third right arch (counting from below) may be 
converted, not into the right subclavian, but into the right 
carotid, the fourth right arch into the left carotid, and the 
fourth left ai-ch into tlie loft subclavian, so that we have a super- 
numerary trunk on the left side, and no provision for the supply 
of the upper extremity on the rigfit side. It is as though the 
vascular ajid the organopoietio layers had been shifted upon one 
another. Nature provides a remedy by guiding the supernumerary 
vessel behind the cesopliagus and the trachea to the right upper 
limb, thus placing the ongin of the right »ubelaman below that of 
Ike left one. 

Finally, to this early period of development I must also refer 
the congenital contraction or occlusion of the descending aorta. 
At the point where tlie ligameniuTn Bolalli is attached to the 
descending aorta, we find a sharply -defined contraction of the 
entire tube. In the majority of the hitherto published cases, 
the lumen of the vessel was entirely obliterated. A collateral 
circulation had been established between the ascending and the 
descending aorta by means of anastomoses between the first 
intercostal, internal mammary, dorsalis scapnJs, subscapular, 
thoracic and epigastric arteries. It is my belief that this oblitera- 
tion, which yfotita»«W particularises as obliteration of the isthmus 
aorta, occurs before the separation of the heart into a right 
and a left half — at a time therefore when tho blood can still pass 
through the ductus arteriosus Bofalli into the descending aorta 
(fig. 114) ; for a contraction of tlie aorta In opposition to the 
high pressurt! of tho blood vrould be contrary to all our experi- 
ence of the mechanics of aneurism. 
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$ 262. The S-shaped curvature of the cardiac tnbe adTances 
simultaneooslj with the partial obliteration of the aortic arches. 
This it is which determines the position of the hearL For as 
soon as it is complete, we find the lower loop of the S, the futofe 
apex, tamed towards the left side, we see the venoos sinns enter- 
ing below and behind from the right side, and the aorta given 
off above and in front, towards the right, bending back to form 
the arch with the second torn of the S (fig. 95). 

If we inquire into the mutual interconnexion of these pheno- 
mena, we shall find it necessar}' to give an indirect and circuitous 

answer. We must start from the proposition 
Fig. . o. ^j^^ jj column of fluid, driven through an elas- 
tic tube under high pressure, tends to assume 
a spiral form. This is easilv shown by fasten- 
ing a relatively narrow tube of gutta-percha to 
the nozzle of a water-tap, from which a full and 
powerful stream is issuing. Even the simple 
cvlindrical column exhibits the rotation when 
it is looked at, if possible, in front or from 
behind ; but if we compress the aperture of 
exit slightly, so as to give it more of an oval 
form, we may see the spiral curve of the flat- 
Thc heart of the tened column from the side as well. The ex- 

Sjeti^of ks Pe""»fn^ w ^% superfluous, since we per- 
S - B^ped flex- form it every time we pass water. It is only 
ure. The trunks ^hen the detrusor rtsicce is too feeble to drive 
the arch m their ^^ urine through the lurethra imder the usual 
final order. Due- pressure, that the spiral twist of the stream is 
3q^II^ effaced ; hence its absence is justly regarded as 

a premonitoiy symptom of paralysis of the 
bladder. The above remarks apply with equal force to the 
flow of the blood through the vessels. The column of blood is 
spirally twisted, or, what comes to the same thing, it behaves 
like a cylinder which has been spirally twisted in one direction ; 
and it imparts this twist to the entire vessel whose form it 
regidates. 

Whether a body is twisted firom right to left, or from left to 
right, may be seen by approximating any two of its points which 
are 'not too fiur apart, and so making it bend at an angle. 
Suppose by way of illustration we take a podcet*] 
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and after folding it lengthwise, twist it foveibly from left to 
right J then, holding it vertically, let us try and approximate the 
two ends which we hold — one in each hand ; the immediate 
result is a loop, with its convexity turned to tlie left. Now the 
oanliac tube behaves exactly like this handkerchief, when the 
aoilic bulb appixiaches the sinus vaiostis. The loop turned to tlie 
left, con-esponds to the heart's apex, while the piece below It 
represents the inferior cava, that above it, the aorta. The 
cardiac tnbe tliereforc bends, not like a smooth cylinder, but like 
one wiiich has been twisted from left to right. We may there- 
fore assume that in most persons the column of blood ia twisted 
spirally from left to right, and that to this cause is due the 
usual position of the heart on the left side. 

But tliere are oases in which tliis rotatory movement takes 
place in the opposite direction. In those, the cuiTature of the 
cardiac tube corresponds to that of a cylinder which has l>een 
twifite<l from right to left ; the heart's apex is directed to the 
I'iglit side, and the asymmetrical viscera, whose development ia 
subsequent in [wint of time to that of the heart, are completely 
transposed {bUus vlscerum inveratu). The liver lies on the left 
side, the spleen on the right ; the carcUa is turned to the right, 
the pylorus to the left; the right lung has two, the lef^ lung 
three lobes, and so on. AVe may infer from this, that the asym- 
metry of the lieart is rosponsii^le for w hatever asymmetry exists 
throughout the animal organism. 

S 2ti3, A new phase in the development of the heart ia 
brought to a oloec by the downward displacement of the common 
pulmonaiy trunk along tho anterior surface of Uio bulbux aorta, 
and the simultaneous development of the septum ventriculonmi. 
This process is also liable to be ilistiu^bed. For it sometimes 
happens that the trunk of the pulmonary ai-tery descends along 
tho posterior instead of the anterior surface of the aorta. We 
thus fintl the aorta plactd over (he rv/ht rentrkle, the p»}motiary 
artery over the left one, a malformation which can only consist 
with life BO long as the circulation of Sabatier remains open, and 
enables the pulmonary function to be dispensed with. 

5 264. Finally, we have yet to consider cotigenital Henotia of 
the right heart, and particularly of the conus arterioius and the 
orifice of the pulmonary' artery. This is probably a result of 
ei^dooardilis during foetal life. We tind ju>^t the same state of 
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hyperplastic induration, with which we became acquainted in 
chronic endocarditis. The general eflPect of the changes in 
question is a cicatricial stricture of the orifice. White, glisten- 
ing bands of connective tissue are put on the stretch whenever 
we try to open out the cut edges of the conus arteriosus. The 
valves usually appear puckered and thrown into folds, as though 
their base of attachment had been narrowed. Moreover, ^e 
development of all the affected parts appears to have been 
retarded; they are small and dwarfed. The canal is usually 
constricted to a degree hardly short of absolute closure ; the 
effects of this constriction are highly complex, owing to the fact 
that it occurs at a period in the development of the heart, when 
its separation into a right and a left half is not yet complete. 
Let us suppose in the first place that the right ventricle cannot 
discharge its contents through the pulmonary arteries ; and let 
us inquire through what channels it does discharge them? 
Through the aorta. The septum ventriculorum is still imper- 
fect ; growing upwards from the apex, it has not yet become 
attached to the base. It is pushed over towards the left ven- 
tricle, so that tlie dilated orifice of the aorta comes to be placed 
over the right as well as the left ventricle, comes to spring from 
both ventricles at once. If we consider ftu-ther, that by oblitera- 
tion of the pulmonary trunk, the chief mode of access to the 
pulmonary circulation is cut off, we are led to inquire how the 
lungs receive their supply of blood ? In the first place, they 
receive less blood than they ought ; the blood accumulates in the 
venous portion of the systemic circulation ; this is the chief cause 
of the incessant dyspnoea firom which persons afflicted with this 
malformation suffer. Moreover the blood which the lungs do 
not receive through the contracted pulmonary artery, reaches 
them from the aorta, partly through the ductus arteriosus Botalli, 
which remains pervious, partly through the bronchial arteries, 
whose anastomoses with the pulmonary circulation undergo 
marked dilatation in these cases. Meanwhile it is quite clear that 
all these arrangements, even when they attain their maximum 
degree of efficiency, can only afford a sorry compensation for 
the disturbances produced. For just as in the single-chambered 
heart of fishes, the arterial and venous blood are mingled in the 
aorta. The lungs receive blood which is only half venous, and 
are in consequence less capable of removing the carbonic acid of 
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the entire mass of blood. The blood becomes more venous ; it 
is colder and darker than it ought to be. Add to this the accu- 
mulation of the blood in the systemic veins, the inevitable con- 
sequence of every disturbance in its passage through the heart, 
but which is especially marked in cases like this. The veins of 
the extreme parts, of the lips, eyelids, nose, ears, hands and feet, 
are permanently distended with blood, so that the blue, livid 
coloration of those parts, eyanosia^ becomes one of the pathogno- 
monic signs of the condition in question. 



STRUCTURE OF SEROUS MEMBRANES. 



308 



[aiiio iiidopetideiice ; it is immediately derived from the general 
tnntinuity of the conuective tissue throughout tho body. A 
serous membraue is merely a layer of this counective tissue 
whose continuity does not Imppvu to be interrupted by the iui- 
plantatiou of atructiiral elements of u ditTerent order. Tlie 
serous sue is an interstiee — a Bssuro in the general connective 
tissue of the organism. 

I 2i>G. This view is hard to grasp; but its value in enablihg 
113 to judge rightly concerning all the morbid states of aeroiis | 
membranes can hardly be over-estimated. In the first place, it , 
defines the problem which we have to solve. It implies that tlie 
connective tissue of the serous membranes is unijit«rruptedly 
continuous with tlie interstitial connective tissue of those organs 
which tlioy invest. The inferonco from this is plain : that the 
sei'ons mombraoos may, and do in fact take pai't in all the 
morbid changes to which the interstitial connective tissue of ' 
those organs is liable. Wo are compelled for convenience sake 
to put asunder things which are naturally comiectod, and to 
postpone our consideration of a large number of morbid changes 
in which the serous membranes are involved — viz. chronic inflam- 
mations and formative processes — till we come to speak of tho 
several organs. The present chapter will bo devoted to those 
superficial disorders which really are confined to the serous 
membrane ; abnormal secretions, excrescences and parenchyma- 
tous alterations — if a serous membrane can be said to have a 
parencbj-ma. 

§ 267. Let us begin by reviewing briefly the normal anatomy 
of serous membranes. Here too we shall find our definition of 
great use, more particularly as regards the epithelium. Every- 
body knows that the serous niembi'anes are lined by a single 
layer of pavement-epithelium. Flat, polygonal, nueleatfid cells 
fonn a mosaic; by treatment with silver nitrate their outluics 
may be readily defined (tig. !"i). Is tliere any tissue in the hii- 
tological series whose struoturo seems at first sight to be simpler 
than that of pavement-epithelium '■* But this simplicity is only 
apparent. The question as to the [wsition of the nucleus plunges 
ns at once into diificolties: Is the nucleus lodged in an interstice 
of the plate, aa in the flattened cells of tho epidermis? or is the 
plate lumished with a bole into which the nucleus is fitted like 
ft|i4aa of glass into its frame? Ifeither of these views is the 
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true one. The nucleus adheres to one surface, and always to 
the under surface of the cell.* It i» 
^iQ. 96. attached by means of a variable amount 

of finely-granular protoplasm. Thus we 
see that the cell, apparently bo simple, 
consists of at least two parts; a homo- 
geneous, glassy, polygonal plate, and > 
nucleated mass of protoplasm. Tlie quan- 
tity of the latter is usually just enough to 
. , ,. , fix the nucleus in ita place under the middle 
dlthelmm.miT^^h of the plate ; sometimes, however, there 
cell consisting of a may be enough of it to foiTu a uniform 
"^""pk^e^Md^'^uu- ^^y^""' conterminous with the homogeneous 
cleated layer of proto- plate. In the latter case the cells, when 
plasm. The latter re- looked at from above, exhibit a finely- 
tracted at a a. After , , ^ . ■ n. i- 

Miincli. ,^. granular aspect. On turning our attention, 

however, to the points at which the indi- 
vidual cells are in contact, ive may otlen observe clear, circular 
gaps in the granular layer, over which the homogeneous lamells 
extend uninterruptedly. These gaps are due to a slight reces- 
sion of adjacent masses of protoplasm from one another 
(fig. 06, „). 

The simplest e.Nplanation of this twofold structure of the 
epithelial cells is afforded by the conception of the serous cavities 
as interstices in the connective tissue. The epithelial cells which 
line the serous menibranes ai'o not epithelial cells at all, in the 
ordinary sense of the word ; they do not combine an independent 
morphological finality with an equally independent functional 
completeness, like the epithelia of mucous mcinbrnnes. The 
epithelial cell of a serous sac is essentially an endothelial element. 
It originates in a partial hardening of the protoplasm of a soft 
connective-tissue corpuscle ; this portion forming the homo- 
geneous plate, while the residual protoplasm together with the 
nucleus, remain unaltered. This protoplasmic residue however, 
belongs at once to the homogeneous plate, and to the inter- 

* This is uuconditionally tme oulj of tho adult orgaaism. In the 
embryo, the homogeneous plate referred to in the teit does not yet 
exist, as a rule^ and tlie futare endothelial cells, nith their abundant 
protoplasm, oflen iu a stale of active proliferation, lie naked upon 
the surface of the couuoctive tisBuc. 
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HHlnlar substance of the adjacent onnnective tissue, it is the 
vita] centre for both. In the peculiar structure of the great 
omentum we have an opportunit)- of couviucing ourselves of this 
twofold signifieauee of the aerous epithuHa. We know that the 
fully developed omentmii is in its finer texture a. network, whose 
trabecul^B are made up of sinuous connective-tissue fibres. It is 
only the larger trabocula; wliich are traversed by an axial blood- 
vessel. The smaller and smallest ones arc simply cylindrical 
bundles of connective-tissue fibres wliich contain neither vessels 
nor cells in tlicir interior. Where then, may we ask, are tlie 
corpuscular elements of this connective substance ? We must J 
either admit that we have here a connective substance destitnteof j 
cells, or we must assume lliat the nuclei of the superjacent 
epithelia perform the function of connective-tissue corpuscles as 
well. Tlie latter la undoubtedly tJie more correct view. For if 
we detach the epithelial layer by tlio aid of dilute acetic acid and 
a moderate amount of mechanical force, wc often find that the 
nucleated masses of protoplasm remain adherent to theeoiiiiectivo 
tissue, while the plates are set free ivitliout their nuclei. The 
same phenomenon, as we shall see forthwitli, occurs at the out- 
sot of acute inflammation. Moreover, the products of morbid 
growth originate from these cells also ; so that the pathological 
histology of the serous membranes is one long chain of evidence 
in favour of the view that llieir epithelia are at the same time 
the outermost cells of the coiuiective tissue. 

As regartls the connective-tissue stratum of the serous mem- 
branes, I need only say that it is nearly always of extraordinary 
thinness, and that, particularly in the visceral lamina of those 
organs which are subject to considerable variations In bulk, it 
contains a rich network of fine elastic fibres. These fibres aro 
very welcome to tlie anatomist as a guide to the extent and 
limits of the aerous membrane in transverse sections. 
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5 2C8. We will coneom ourselves first of all with the struc- 
tural changes to which an inflammatory irritant gives rise on the 
surface of a serous membrane.* 
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border of the pulmonary plearm recede from the anterior fold of the 
parietal plearo, and glide backwards upon its surfoces, which fall together 
at the same instant, until a new inspiratory effort separates them (fig. 
98). In just the same way, every other point of the surface of the lung 
is shifted forwards and downwards to a definite extent during inspira- 
tion, backwards and upwards to a corresponding extent during expira- 
tion; the degree of its displacement being regulated by its distance 
from the motionless apex on the one hand, and the equally motionless 

Pig. 97. 




Diagrammatic section through the left half of the thorax, at the 
end of a deep inspiration. L, Lung; B. Chest-wall; h. 
Heart ; w, YertebrsB ; m. Mediastinum. 



posterior border on the other. Supposing any given point of the pulmo- 
nary pleura (a) to be wetted by the irritant fluid, it is obvious that this 
point will advance during inspiration and will contaminate a hitherto 
unaffected portion of the opposed surface of the parietal pleura (a— ^8). 
During the expiration which follows, a portion of the pulmonary pleura 
(a, h) which lies in front of the point originally involvejd, becomes in- 
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fened ditrixu: ibe rt<rc<«u?c cif i^ hmg. Lying as this does in front of 
the primsrihr aiSe^n-eo ftoi, ii ^iriZ airmnre bertmd this dnricg tSe next 
inspirKtiozi. ftad vl'l i« .**:*. riirx^r c*:\riuiiuuitie a fresh portion of tbe 
beahhT parieiil r>~rs . r . *> . ir » -iJ-K-^rd, uith each breath the patient 
takes. a new rrr;t\ :o:h .-^f '.ii- :>krji-ial and the pulmonary plenne, maEt 
berome c*^?iiia'.u:::a:<s£ Tij* ?'x:«-^iisi.>n of the irritant matter howev e r, 
ormrs -wiiL rvrjiziz rapIiTT m :be xikri.^n* regions of the pleoral sac. 
It bardlr aa^:ii::« t? &::}r/:i:r.i: in the neighbourhood of the apex and 
the pDsteri:sr b?rior. aiii m.-rw^f^f in pr.-*p>->ruon to its distance from 
these pccnts^ reskrhing i;* r^axiTnuTs cuos* to the free borders. 

The rir^^rasoas.vs &?v s.^n^^irha: m codified in the case of the peri- 
staltic moTemenis .^f tbe love*.«L At the moment when a segment of 



FiG.??. 




Tbe same at the end of expuratiou. References as before. For 

a, /3, y, *w text. 

intestine begins to take part in the ware of contraction passing from 
abore downwards along the circular fibres, it forms, in conjunction with 
the neighbouring segment which is already undergoing dilatation, an 
inclined plane, surrounding the entire bowel. Upon this plana the 
general pressure which exists in the abdominal cavity, breaks up into 
two oomponents; the one, acting at right angles to tbe axis of ths 
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bowel, tends to compress il, nbilc tbc oilier operates aloug its axis in a 
direction opposite to that of tbe contractile Tcavo. This movement ia 
aided by the recoil from the contents of tbe bowel as they arc forced 
downwards. Tbe former element tends to bring the affected eegraent 
into contact with au area of tho parietal peritoneum directly propor- 
tionate to tbe length of the mesentery of the affected segment (the 
attached end of tbe mesentery acting as a fixed point). 

These considerations, into irhich I cannot enter more at length, 
since they belong rather to tho province of pathological physiology than 
of morbid anatomy, indicato most clearly, that a perforation of the very 
mobile small intestine is far more dangerous than one of the fixed 
appendix vermiformis ; that a perforation of tbe stomach ia more aerioua 
when it occurs on its anterior aspect and on its greater curvatnre, than 
when it is situated on the posterior surface and leaser carrature ; that a 
pleurisy originating at the apex of tho long tcnda to remain circnm- 
scribod, while a pleuriay of tbe free border rapidly tranegresBea its 
original limits, and ao on. 

Inflaminationa of serous membranee are classified on the one 
liand as acute and clironic, on the other as adhesive, suppurative 
and indurative. As these varieties shade into one aiiotlier by 
infinite gradations, I prefer to adopt a ini-^cd classification of a 
more immediately practical character. 

S 269. — Ifecent hiflammation. Tho epithelial layer is ob- 
viously first exposed to the action of any irritant applied to the 
surface of the membrane. Hence tJie eai'liest phenomena of 
inflammation will naturally consist of changes in tlie epithelium. 
Accordingly tlieso changes, together with a simultaneous transu- 
dation from the distended capillaries of the affected part, constitute 
the fii'st stage of every acute inflammation, and the anatomical 
basis of what is shortly called a recent pleurisy, pericarditis, or 
peritonitis. 

The serous membrane is reddened ; the hyperemia of the 
submucous capillaries is apparent even to the naked eye. That 
the capillaries of the Bcrous membrane itself are gorged with 
blood and dilated, and that in consequence of tliis, the inter- 
mediate islets of parenchyma seem smaller than usual, may be 
demonstrated on any detached slircd which is examined in 
iodised serum under a low power. The surface at the same time 
appears to have lost something of its natural polish ; this indi- 
calos that the epitliclium has become detached, and that the 
emigration nf ihe colourless bluod-corpiisiJes lias already begun. 
We notice a uiudei'ate amount of a reddish, soft and elastic sub- 
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Stance which either lies looselr upon some portion of the snrfiioey 
or stretches in the form of threads and bands between the opposed 
lamellae of the serous sac, or else glues them to one another. 
The last-named phenomenon in particular* preTaik whererer 
two serous sur&ces are in contact without gliding fkr upon each 
other, as between the adjoining lobes of one lung, between the 
liver and diaphragm, between the ^leen and stomach. Should 
there be much firee fluid present, as generally happens in recent 
pleurisy, a portion v( the "* recent inflammatory' lymph ^' is 
usually susficnded in it in the form of ragged flakesi. If wc 
take some of thi^ matter, and examine it under a high power, 
we find large masses of cells and nuclei, together with a lax web 
of slender tibn:^, which prove on chemical examination to consist 
of a coagulated albuminous substance. 

a. Fig. 99 represents a large selection of the various tonus 
of cells which were found in the " recent inflammatory lymph," 
and floating in the exudation, on the first day of a pleurisv 
excited artificially by the injection of iodine. Among them may be 
noticed firee nuclei with one or more nucleoli, nuclei undergoincr 
division till they arc disintegrated into a mass of little spheroids, 
circtdar cells with large nuclei and ven* little protoplasm, some 
of which are in process of fission ; other cells with a large pro- 

Fig. 99. 



Cells and nuclei from the raeent inflammatory lymph, a. Their 
detachment from the hom o geneooa plates of the mioos 

epithelia. zhs- (Jfc&.) 

portion of protoplasm, and nuclei already divided. I do not wish 
to assert that all these stmctiuTS are derived fit)m the epitheHtun ; 
the great majority have probably migrated from the vessels In 
the manner described by Co/mheim (§ 89) ; but I must insist that 
some, at least, have originated firom the epithelium. Ifce tee- 
selated mosaic of cells (fig. 96) has been broken up ; the nuclei 
have ket their tisual flattened form and have beoome j^obar 
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ve also become detached from the liomogeiieoua 
plates. I cannot, witliout further reasons, consent to ignore 
positive results like those figured in fig. 99, a. In these 
cells the nuclei and protoplaam have not yet wholly separated 
from the homogeneous plates, but the moment of separation 
is evidently at hand ; in one of the cells, the little pl.ite 
has become quite convex on the side to ivliich the nucleus is 
attached; in another one, the nucleus ta kept in its place only 
by a fine thread of protoplasm; a third exhibits the simulta- 
neous multiplication of the nuclei by fission. Tho detached cells 
continue to undergo proliferation, as wc have already seen ; in 
brief, the cpithelia which arc primarily nfiected by the irritant, 
react towards it just as coimective-tissue corpuscles would react; 
the nucleated protoplasm on their under surface producing new 
masses of nucleated protoplasm by division. Tiie homogeneous 
plale, deprived of its nucleus, is set free, and maybe recognised, 
even long after, floating about in the serous cavity. 

b. Tlie coagulated albuminous substance, which is associated 
with cells and nuclei in tlic recent inflammatory lymph, has 
nothing whatever to do with the epithelium. It ia rather to be 
viewed as an essential constituent of the inflammatory exuda- 
tion. Tlio high degree of tension to which the blood in the con- 
gested vessels of the aci-ous membrane ia subjected, naturally 
causes an exudation of the Hqnor sanguinis to take place. We 
may convince ourselves of the great ease with which such a 
transudation may set in and continue, in any hypcrEemia of 
artificial origin, whether it be active or passive. The exudation 
resembles the liquor sanguinis in qualitative composition, though 
its chemical element.'! are combined in different proportions. 
The proportion of albumen in particidar is very variable, being 
now above, now below, the standard of the liquor sanguini«>. 
From a histological point of view, we must confine onr attention 
to that element of the exudation of wliicli we have already 
s|>oken — the element which passes at once iuto the solid state— 
and which ia briefly tci-med " exudation-fibrin." This term implies 
tlio assumption that the fibrin of the blood makes its way to tlie 
surface of the serous membrane together with the liqnor sangninis, 
and thal,onit8arrival there, it ia deposited in a solid form. Is this 
asstunption correct? Virchoio has pat forth theview that exudation' 
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fibrin, like fibriu generally, id a product of tbo activity of the tissues 
themselves — that it is autochthonous — originating therefore, in 
the present inatanoo, in the parenchyma of tho serous membrane 
itself. I cannot agree to thia. On CKamiuing tlie surface of 
the inflamed membrane by reflected light, a keen eye may here 
and there detect little punetiform elevations, closely set — minute 
buttons of a transparent substance. If the serous membrane is 
carefully peeled off and examined with a low power (fig. 100) 
wo i)crccivc at the iirst glance that the (wsitioii of these nodules 
is everywhere determined by tho course of tlic vessels. They 
form rounded masses of an anioqihous and homogeneous material 
whieli looks as if it had oozed out of the cnpillarica and arterioles 
(Ueliergangsgefiisse) at various points, like rosin from a fir- 
tree. I reganl this a|)i)Cai'anco as very suggestive, I believe 
that it enables us to ascertain tho inmiediato source of the 
exudation-fibrin, wliicli is in fact identical witli tho fibrin of the 
" blood. 

The form exhibited by tho coagulated fibrin nnder the micra- 
scopo is not always the usual one of a delicate retiealnm of 
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felted threids such as exists in ord i ary coagula the mass is 
often less fissured and consists of broad wavy fibres differing 
from areolar connect ve tissue only in the absence of any regular 
arrangement of those fibres. On the wbolo^ it is as easy to dis- 
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tngiiUli the fibrin by its irregular appearance from every other 
coustituent i>f the exudation, as it is diHicult to convey any idea 
of the difference iu woi-ds. It resembles neither a crystal, nor 
a coll, Dor a fibre ; it is a coagulum, for the appearance of which 
I refer the reader to figs. 100 and 101. 

5 270. — Ad/iesive injiammation. The two issues which are 
common to every inflammatory process, towards organisation 
on the one Iiand, towards suppuration on the otiicr (§j tll-106) 
i-ecur as usual in the case of serous inflammations. They ai-o 
doubly intoreating in the present case however, inasmuch as thoy 
ai-o modified in accordance witli the anatomical peculiarilics of 
the tissue, antl agree with the tvpical forms already dcaci'ibed 
only in their essentials. So much must bo borne in mind fi-oni 
the outset. Wo have to do ^vilh two opposed surfaces of connec- 
tive tissue. Now if these surfaces produce the same material, and 
this material is capable of being organised, the two layers may 
readily become fused with one another ; indeed it would furnish 
matter ibr surprise were anoh fusion not to occur here and tliere. 
Indeed it \i quite a usual outcome of organisation for the opposed 
surfaces to become uiiitcd by bridges of connective tissue over an 
area of variable oxtonL Such bridges aro called " adhesions," 
and the epithet " adhesive " is transferred to such inflammations 
as tend from the first to i-osult in organisation of the inflammatory 
products. 

S 271. The histological detoila of adhesive inflammation 

Iffer according as the inflamed stu-faces of a serous membrane 
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are ur aic nut ^^'panited from the first bj a coii- 
s'iileniblG amount of free fluid. In tlie latter case, 
the surface:) remaining in absolute contact 
tliruughouty the recent lymph suffices as a rule to 
produce c*onnective tissue, Lt. adhesions, from its 
own resources. This might well be thought pam- 
doxical, so long as this substance was Iiekl to 
consist of fibrin only ; such an exudation, desti- 
tute of corpuscular elements, must necessarily 
have bet»n considered incapable of undergoing 
organisation. We know now that fibrin is only 
one of the constituents of the inflammatory' lyni])h. 
It forms a spongj* framework (fig. 101) in whose 
inniuuerable pores the yoimg cells, multiplied it 
may be by fission, are contained (fig. 101, t). 
Tlicso young cells are not so closely packed as to 
justity us in giving the name of embrj'onic tissue 
to the material which occupies the interstices of 
the fibrinous network ; it may be compared more 
aptly to mucous tissue, in that a certain quantity 
of a homogeneous, transparent intercellular sub- 
stance holds the cells asunder. But there is not 
a shadow of doubt that this material passes directly 
into connective tissue, tliat blood-vessels are de- 
velo]HMl in its substance, and permeate it — in a 
word, that it is physiologically equivalent to em- 
brvonic tissue. ^Ve mav obser\'e how the cells 
which were originally romid, become spindle- 
shaped ; how their processes come in contact with 
each other and are fused together ; and how that, 
no sooner is a greater resemblance, even in out- 
ward feature, established between this and the 
well-known fonns of connective tissue (particu- 
larly inflammatorj' spindle-cell tissue, § 93), than 
the second act in the process of org:misation, the 
development of tcsscIs, sets in. There is no better 
opportunity than this, of studying the histological 
course of the secondary and tertiary modes of 
vascularisation. 

The specimens (figs. 102 and 108) were taken 
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CHn a false tiicriibrauu between the sdjacGut lobes of tlie right 
lung in a dog, on t)ic fifDi day after a pleurisy hnd been nrtiiicially 
excited by tbe injection of iodine. They illuatrate in the pUiiicsb 

IDevcIopmcul of vessels and opening of a patL Toi' the blood. 
TliB course of tbe yeas*J is indicnlcd liy a coi-il of ceUuliU' 
niBsscB or protoplasm fased together. Some of the blood- 
corpuHclea hara alreadjr forced their way into tho pro- 
toplasm, sk- 

way tho modo in whicli the vessels are developed ; their first 
appearance as tliroads of nucleated protoplasm formed by tlie 
fusion of colls nrraiigcJ in rows, the excavation of a cliamiol for 
tha blood, Ac, exactly as I deaoribix! thorn on a former occasion. 
. 104 and 105 show that tho extension of the vessels occurs 
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Fulse membrane bptweoii two polmonsirj lobes permeated on 
either Bide by a cnjjiliary network, a. Serous membrane ; 
6. Lung i t. One of the capillary networks of the false 
, A limited number of ftfforent and cSerent 



316 SEROUS MEUBBANES. 

primarily in a liorizontal plane. It is only at a few points (at 
dd, in fig. 104) tliat the atlerent and efferent parent-vess^ make 
their way up tbrougli the serous layer, wliilo in detached shredi 
of the membrane, examined from above, a vasciJar network of 
exceeding beauty may be observed (fig. 105). 

Fig. 105. 



^. 




Vessels in a false membrane seren dajs old. tos- t-^'^^-) 



In the primai'y mode of adhesion, that whicli we are now 
considering, eacli of the serous surfaces generates its own vascu- 
lar network. Tlius the transverse section delineated in fig. 104 
shows two networks in one suicl the same false membrane, 
separated from each other by a layer of tissue which is not yet 
vascnlarised. At a later period however, this becomes modified. 
For if the fusion of tlie opposed surfaces is not interfered witl, 
the intermediate layer of couuective tissue is gradually furnished 
witli vessels, and tlio vascular networks ultimately unite by in- 
numerable anastomoses. 

So far we have traced the development of a layer of con- 
nective tissue between the serous surfaces, thin indeed, but very 
richly supphed with vessels ; and tliis without any active co- 
operation on the part of the fibrinous element of the exudation, 
and without the occurrence of any notable proliferation in the 
Bubepitlielial layer of connective tissue. We can easily lay 
hold of this false membrane, and strip it from the serous surfaces 
on which it lies. The ease with which this can be done, sponta- 
neously reminds us of tlie ease with whicli the epidermis can 
occasionally be stripped from the inilanied cutis — and recals the 
&ct, that np to this time the only real connexion between the 
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Berous membrane and the false membrane which covers it^ is 
operated by the few and feeble afferent and efferent vessels. At 
a later period we find the state of things altered. The union 
between the serous and the false membrane grows more intimate, 
and finally becomes so close that any attempt to scrape or peel 
the latter off would be futile ; the false membrane assuming the 
character of an exceedingly intimate and wholly inseparable 
bond of union between the opposed surfaces. The adhesion is 
then complete. 

§ 272. The phenomena which manifest themselves when the 
opposed walls of a serous sac are separated from the first by a 
considerable amount of exuded fluid, and when this separation is 
kept up for any length of time, are far more complicated. If we 
consider adhesion, not only as a result of, but as the mode of 
repair after inflammation, and in one sense as the goal towards 
which every superficial inflammatory product tends, and on 
arriving at which it may be regarded as mature, we must admit 
that the means for attaining tliis end which are at the disposal 
of the serous membranes, are far from being exhausted with 
** primary " adhesion. They may unite not only by the first or 
second, but by a third intention also. Of union by the first 
intention I have already spoken ; the second mode is analogous 
to the repair of wounds by the second intention, to organisation 
after suppuration, with which we shall deal hereafter. 

Union by the third intention is peculiar to serous membranes ; 
it stands between tlie other two. The surfaces which tend to 
cohere are held asunder, not by pus or air, but by a fluid, 
abnormal indeed as regards quantity, but differing in no essen- 
tial qualitative character from that which is normally present in 
the interior of a serous cavity. It has no irritating properties ; 
but it hinders union, and gives room for very considerable pro- 
liferation on the affected surfaces. The products thus formed 
have their source, not in the epithelial layer, but in the 
parenchymatous connective tissue of the serous membrane ; 
looked at broadly, they present, as Rokitanski has already 
shown, the characters of a proliferation of embryonic tissue, of a 
granulation. But I must not anticipate. 

§ 273. We are now entering upon the consideration of by 
fiur the commonest variety of pleurisy and pericarditis ; it is 
Qsoally of rheumatic origin, and sets in with an abundant sero- 
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fibrinous effusion. We may suppose a loud, grazing fnction- 
sound to have been heard at first all over the affected r^on ; 
tins became limited to the upper part of the serous sac, while 
the lower part was filled with fluid. The extent of efiusion 
might have been determined by percussion. The pyrexia was 
intense, and the patient succumbed when the disease was at its 
height, partly to the fever, partly to the obstacles in the way of 
the pulmonary or the cardiac movements. We lay open tlie 
pleural sac or the pericardium, and we find it filled to a greater 
or less extent witli a clear, straw-coloured fluid, in which are 
suspended soft shreds and flakes of a yellowish-white colour. 
The lining membrane is coated with a pale, yellowish or reddish, 
transparent or opaque, coherent and elastic, or brittle and friable 
substance, fi*om which it is distinguished partly by its coloor 
and consistency, partly by the fact that this matter can be 
stripped or peeled off* with varying degrees of faciUty. The aspect 
and general arrangement of this substance gires us the notion 
of a soft, plastic material having been introduced between the 
layers of the serous sac and subsequently moulded by the move- 
ments of the lungs or heart as the case may be. A portion of 
it has accumuliited at those points where it is least in the way of 
the movements of the viscera ; it occupies all the chinks and 
comers, it fills up the inflexion of the pleural sac between the 
diaphragm and the tlioracic walls, it obliterates the cardiac 
sulcus and the fold of pericardium which is reflected over the 
great vessels. But where the substance in question forms a 
thick layer on the surface of the heart or lungs, it exhibits a 
peculiar reticulated or villous aspect, such as might a priori be 
expected from a consideration of the alternate apposition and 
separation of the visceral and parietal lamellae; these appear- 
ances may be exactly imitated by squeezing a layer of putty 
between two plates of ^ass, and then tearing them apart 

The ensemble of these characters indicates a close analogy 
with coagulated fibrin ; and there has long been a tendency to 
regard this material simply as fibrin exuded from the blood, and 
to assume that it subsequently formed the adhesions. Various 
protests against this assumption were however lodged at an early 
period. Reinhardt in particular denied the possibility of pure 
fibrin ever becoming organised, and was the first to doBcribe 
how it underwent transformation into a fatty-maeoas, opaque 
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material, wliich ended in becoming diaaolveil or caseous, and 
never in being developed into connective tissue. Notwithstand- 
ing lits orgaments, this misconception held its ground, until 
RokilamkTa tcacliiiig, to which allusion has l>een nh-eady made, 
paved the way for our present doctrines as developed by Buhl. 

In accordance witli their researclies, wo must divide the layer 
of csudation, which lies loosely on the sei'ous surface, into two 
strata: 1. An upper one which, during the height of the in- 
flammatory process, assumes a disproportionate thickness ; this 
Uyer really does consist of fibrin, and covers in tho subjacent 
one at every jicint. The fibrin accumulates in greatest 
nmnuut on those parts of the affected organ which undergo most 
displacement, as e.g. on the free btirdors of tho lungs ; just as in 
whipping tho blooil to free it from its fibrin, the latter coagulates 
in flakes upon the stirring-rod. Tlie appearance of the exuded 
fibrin under the n)icrosco|)e has alreaily been described (§ 2(59). 
It forms tJie same coarao network as in primaiy adhesion 
K( 271); it diiferB however in not being of the samo thickness 
*a)rougbout, varying in this reupcot from a quarter of a line to 
six lines or more. 2. A deejier stratum of yomig connective 
tissue formed by a proliferation of the connective tissue of 
tiie serous membrane. We may assume that as soon as the 
serous surface is denuded of its epithelium, tho inflnmmatoi-y 
action extends into tho connective-tissue layer of tho serous 
membrane; hut without attaining any considerable ijilensily 
' till from the third to the sevciitli day of the disease. On 
■examining sections, we find a number of connective-tissue 
porpusdcs in iho parenchyma of the serous membrane ; tholr 
numbers increase as we approach the surface on which they arc 
set I'l-eo. Upon tins surface they appear embedded in a clear 
matrix, containing mucin, together with which they make 
up tlio layer of embryonic tissue wliich we are now considering. 
Both cells and matrix must be viewed as a true cfllorescence 
fi-om the serous membrane; the true "plastic exudation" is 
really formed by tliem, and not, as used erroneously to be 
supposed, by tlie fibrin. 

I 274. As regards tlie external form of this recent "connective- 
ti»ne efflorescence," we need only remark that for obvious 
reasons, it cannot arrive at any independent finality. Judging 
fimn tbe analogy of recent layers of embryonic tissue occurring 
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elsewhere, we may indeed infer that it tends to assume the form 
of a membrane roughened by villosities. But this tendency is 
counteracted on the one hand by the repeated mechanical dis- 
turbances to which it is exposed, while on the other it is rendered 
impossible at most points by the superimposed layer of fibrin. 
Hence the granulation-tissue forces its way up into all the inter- 
stices of the fibrinous stratum, grows round it and through it 
layer by layer, and thus attains a considerable degree of thick- 
ness earlier than it would otherwise have been able to do. Not- 
withstanding even this intimate penetration, in which the fibrin 
acts the part of a supporting framework, we must reject any 
claims to an active share in the organising process, which may 
be urged on its behalf. 

Close upon the heels of this development of embryonic tissue 
comes vascularisation. An extraordinarily rich network of capil- 
laries speedily permeates the young false membrane. Tlie newly- 
formed vessels are characterised by their exceptionally wide 
calibre, and as is oflen the case with young vessels, by the thin- 
ness of their walls. On the other hand, the afferent and efferent 
vessels of the serous membrane are few and narrow. The result 
is an arrangement resembling that of the reiia mirabUta, where 
the blood-pressure is proportionately heightened by the interven- 
tion of a capacious channel between an afferent and an efferent 
vessel. A like result may be anticipated in the present instance ; 
— and that the blood in the newly-formed capillaries is really 
under a far higher pressure than in those of the serous membrane, 
is proved by the number of extravasations which ensue both in 
the interior, and upon the surface of the false membrane, giving 
it a reddish and mottled colour ; while the free fluid is likewise 
tinged with red. Accordingly, the vascularisation of the false 
membrane leads in the first place to a state of things most critical 
as regards the general course of the disease — a state of things 
which not only affords the most favourable conditions for the 
continuance of the exudative process, but also, by supplying 
an abundance of nutrient matter, favours to the utmost the 
formative changes in the false membrane itself. At this point 
therefore, the patient is tlireatened with an over-pfoduction of 
cells — with suppuration. The practitioner detects the unfavour- 
able turn the disease is taking, and expresses his fears by saying 
that it drags, that absorption has come to a dead-lock, &c. 
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' § 275. But we must Jefer cuiisidcrliig tlie duiigei'd of auj)- 
puration foi- tho proseut. Let us fli-st of all take tlie course of 
the iDilamniator)' process wlifji it remains true to its original, 
adhesive character. Wo may justly inquire how, under tlio 
comlitions described above, the pi'ooess of oxudation can ever 
come to a stop. Now one reiisoii for Its ccssaliou lies lu tliu 
conversion of tho yoiiug embiyonie tissue into fibrous ooinieotivc 
tissue. This trausformntiou, as \v.is fully shown in § 93, b 
invariably associated with a certain amount of contraction \i-hicli, 
in its turn, leads to the oblltenttion of a great ninjority of tlic 
uewly-formed vessels, so that tlie blood-supply of tho fully- 
(lovelopod adhesions represents but a \-cry .small fraction of tlio 
original capillary network. On the other hand, wo must 
remember that although the fibrin, which is not merely applied 
to the surface of the young coimcclivo tissue, but sends countless 
processes into its substance, does not undergo organisation, It 
ne\'crthe!ess slirinks uniformly and with great force. This 
shrinking sets in directlj- after ha coagulation, mid progresses 
steadily when tho oonditioiis are favourable (and where could 
it find coudilions more favourable than the present?), until it 
has attained the smallest volume of whJeli it is capable, or 
until some other sort of mctanioi'pliosis has robbed it of ils 
most characteristic property. It is obiious that tliis contrac- 
tion of tlie fibriu must affect the granulation-tissue with its 
vessels, which it covers and includes, and so must chock the 
fiirther progress of the transudation. Be this as it m.ij', 
transudation is arrested, and absorption takes its place. The 
shreds and flakes of fibrin which arc freely suspended in tin! 
exudation begin to undergo mucous and fatty degeneration ; — 
the 8ofl, swollen miiteriul is found to contain innumerable oil- 
j^Iobules, which may however originate in a fatty transformation 
of its contained cells. This degenerating fibrin presents n 
whitish and opaque aspect to the nuked eye ; if tho efi^usion 
liapixin to bo absorbed with exceptional i-apidity, a portion of 
fibrin may remain iindissolved, and dry up in some corner of 
the serous sac, where it becomes ehcesy and remains for years 
in this condition. As a rule indeed, both tho suspended fibrinous 
flocculi, and tho fibrin which coats tho connective-tissue efHoi-e*- 
ecnce on the walls of the cavity, undergo complete solution in 
the effused fluid before it disappears, and are subsequently 
■ ^^ 1 
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absorbed into the blood together with it Tlio op|X)sod sorous 
surfaces are approximated until they touch each other^ when tho 
inflammatory products by which they arc coated, coalesce. Soon 
too, the bridge along which tlie vessels of the parietal and 
visceral lamina; anastomose with one another, is completed. 

This series of chan^jcs finallv results in the formation of 
those well-known " bands of adhesion," which connect tho cos- 
tal with the pulmonaiy pleura, the heart with the pericaixlium, 
tlie various abdominal viscera with one another, and with tlic 
abdominal wall. Their minute structure has often been inves- 
tigated ; like the serous membranes, they are coated with a 
single layer of pavement epitheh'um ; in addition to this, they 
contain wavy bands of connective tissue, between which run 
long and slender blood-vessels ; newly-formed nen-e-fibres have 
also been found on one occasion in an adhesion ( Virchoic). What 
seems to me most important is the fact that in the present case, 
the continual shifting of the opposed surfaces on one another, 
tlie inctssantly renewed ai)proximation and separation of tlie two 
ends of the adhesion, exert a modifying influence upon the 
organisation of the embryonic tissue ; the residting connective 
tissue, instead of assuming the character of ordinary cicatricial 
tissue with its short, inelastic and rigid fibres, approaching more 
nearly to the normal type of lax areolar tissue. 

Thus it is clear that the final result of the mflammatorv 
organisation depends very materially on tlie external conditions 
under which it takes place ; and that in i>articular, a repeated 
stretching and relaxation of the cicatrix determines the produc- 
tion of a true lax areolar tissue in place of the inelastic cicatricial 
tissue. 

§ 276. — Suppurative injlamniation. We distinguish two va- 
rieties of suppuration, primaiy and secondary. Most abdo- 
minal inflammations, particularly those which arc caused by 
perforation of the alimentary canal, or by infection from tlie 
organs concerned in parturition (puerperal fever), afford abun- 
dant opportunities for the study of the former varieiy. If the 
inflammation happen to be quite recent (as in the so-called ^rt- 
ionitU /ulminans) we may easily convince ourselves that in this, 
as in tlie adliesive variety, a stage of ^^ recent agglutination" 
opens the series of morbid changes. In fact, the histological 
transformation of tlie fresh adhesive matter into pns^ appears 



I connective tissue. 
])!^esent are pas-eorpaacles from tlie 
inomeDt wlieii they nre saspended in a serona fluid and proceed 
to dJTide and multiply tliereiii. 

Their development into "specific pns-corpnsolt's," i.e. into 
young cells with several nuclei, is in no respect essential; though 
it may nevertheless be frequently observed. The transition pre- 
sents itself to the naked eye as a j'eHowish-white discoloration and 
liqnefaetion of the reddish membranes and shreds, beginning at 
tlioir ei.lges, and tfimiinating in their rather sndden dissolution 
into a pnriform fluid. I have succeeded in demonstrating this 
more than once in peritoneal tnfliuumatious excited artificially ; 
at the same time however, I noticed that the stage of "recent 
agglutination " in primarily su])purative inflammations was 
generally of very brief duration, passing verj- speedily into the 
essential phenomenon of suppuratl^'C inflammation, .«■, pm-ulent 
exudation. 

The case is primarily one of "exudation" in the strictest 
sense of the word. Vast numbers of leucocytes migrate from the 
dilated blood-vessols ; they first of all infiltrate the connective 
tissue, and then — as I am forced provisionally to assume in order 
to account for the occasionally enormous quantity of pus — undergo 
proliferation. As may be seen in fig. 106, which represents 
a vertical section thi'ough the serous investment of the uterus, 
all tliG interstices between the tliicker fibrous strata arc literally 
r-crammetl with cells. Tlic great variety of flask-shajied and 
alogous forms indicates moreover tliat these cells are not quies- 
WDt, but are undergoing amoeboid movements. The direction 
in which these movements tend is hardly open to question ; it is 
tdf-arly ui)wards and outwards. One may figure to oneself how, 
tbi"ough the membrane which is .so abundantly infiltrated, a 
mighty stream of exuded liqnor sanguinis is passing. This also 
will tend to mnke its way through the intwstices between tlie 
fibres, and will conset|ncntIy carry with it numbers of the corjius- 

|«ularelements which they contain ; these cells it will afterwards 
boU in sosjMmsion as pns-eorpnseles, when it comes to rest in 
iB> serous cavity. In this manner docs the exudation become 
bnrulent on its way from the blood-vessels to the free snrface of 
Mto serous membrane; this is the rationale of pui'ulent exu- 
|ktion. 
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At an early period, while tlie coi^>uBcular secretion is still 
moderate in amount, tlie exudation is clcav nud dciwsits an 
abundance of transpai-cnt, gelatinous flakes of flbrin; at a later 
stage, it consists of pure, green isli -yellow, thin pus. In examining 
the bodies of patients who have succumbed to puerperal ijeritonitis 
we often find the recent inflammatorv agglutination In the ii|>j)cr 
regions of the abdomen, in the neiglibourlioo<l of the stuninch 
and liver ; lower do^iii, about the kidneys and between tlic 
mesenteric folds of the upper coils of the small intestine, we meet 
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witli a tolerably clear exudation containing flakes of fibrin ; tliis, 
towards the tnic pelvis, exliibita streaks of pus wliich become 
more and more numerous, till, in the pelvic cavity itself, the 
fluid becomes entirely purulent. To the naked eye the serom 
membrane appears hypencmic ; hut tlio red hue of the injected 
vessels is toned down by a milky cloudiness which covers it as 
with a veil. Tliis is due to the purulent infiltration of the mem- 
brane itaolf. 

5 277, Side by side with the primary form of suppurative 
inflammation, wo may study those cases in which a process, 



IN FLAMMATION- 



325 



' adhcaivo, pRssca inlo tlio suppurative form. It has 
been already sliowii that this transition is favoured and usherod 
in (anatomically speaking) by the luxuriant vaacularisation of 
the young false mombraaes, which furnishes materials for a 
more exuberant corpuscular proliferation, i.e. for suppuration, 
when tlie inflamed inembmne is exposed to any fresh source of 
irritation. The practitioner is usually warned of tiic mifavour- 
able turn which the disease is taking, by the occurrence of a 
severe rigor and the hectic fever which follows it Quito 
snJdeuly, as it seems, the cell-prolifrration enters upon a more 
active phase. Every variety of cell, whether it be situated in 
the exudation, in the false membrane, or in the serous mem- 
brane itself, takes part in tlie process. Tlie clear serum becomes 
turbid. Whole shreds of the false membrane are loosened from 
their connexion with tlio underlying tissues and detached, pre- 
liminary t<} their liquefaction into pus ; denuded patehcs of tlia 
serous membrane itself undergo losses of substance, which how- 
over, are always shallow. Such ulcerations are not uncommon 
on tlio costal pleura where it lines tlie ribs ; they extend into 
the subserous connective tissue, and more rarely to the perios- 
teum and bone, which is consequently laid bare and undergoes 
nocTosis. Apart however from sueh accidents, the suppuration 
retains its superlicial character even in its most acute forma. 
The suppurating surface of the serous membrane is analogous, 
not to a destructive ulcer, but to a productive and granulating 
wdund. The analogy with a superficial wound holds good 
moreover as regards its limitation on the side of the serous 
cavity by a membrane of young connective tissue studded with 
granidations — the " pyogenic membrane" of authors. The heal- 
ing process begins in exactly the same way, when the inflam- 
mation has been of the purulent order from the first. 

Ill the meantime, an accumulation of pus, often colossal in 
ninouLit, has been forming in the serous sac This ts not sur- 
prising when we consider how large a quantity of pus may be 
secreted oven by comparatively small ulcers ; and in the present 
ca«c we have an ulcerating surface which is measured not by 
Sfjuare Uiies, but by square feet It is common enough to see 
half a pailful of pus removed from an empyema by tapping 
during life or after dcatli. The diaphragm is pushed down 
^p^gcthor with the liver or the spleen, the intercostal grooves are 
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effaced, the luiig uudcrgooa a diniinutiou in size greater iLaii 
could be prodaeed hv its own elasticitv : it contains no air, and 
hangs in the purulent tiuid as a narrow strip o( leathery tissue, 
hardly as broad as tlic liauil. Finally, tlio pus seek^ a mode of 
exit, just like an abscess. In the ease of an empyema the ;»pot 
chosen for perforation is usually one of the lower intercoe>tal 
spaces ; here however the art of the physician u.-*iuilly interferes, 
disturbs the natural but somewhat tartlv coarse of events, and 
determines the [*oint of exit with a trocar. 

§ 278. As regai\Ls the further progress, Le, the gradual 
i*epair of the morl^id state, we nia\' argue from oiu: experience of 
union by the second intention, with this limitation, lw>wever, 
that in the present case cicatrisation occurs on a scale pro- 
portionate to the colossal size of the ulcerating surface. We 
find the usual sei*ies of embiyonie tis.-^ue, spindle-cell tissue, and 
rigid, short-fibred cicatii jial tissue — each member of the series 
being developed from its predecessor, as is fidly set forth in 
§ 9o et ^t'l'j. Tlie cicatricial tissue presents itself in no smalt 
proportions ; it forms a white and lustrous, fibroid stratum, from 
half a line to three lines in tliickness, which clothes the serous 
eavity, and is sa^etched over the adjacent organs. Tliis huge 
cicatrix contracts like onv other scar, and causes meclianical 
eliecls of an imposing order. It is an admirable illustration of 
the gigantic results which nature is able to produce by the addi- 
tive repetition of fractional moments of the same order. And 
yet the I'csistance to be overcome during the healing of an 
empyema wliich lias opened externally, is nothing less than tluit 
of the vaulted aivhes of the thoracic skeleton which have to be 
dragged inwards, in a direction, that is, which tlie whole aim of 
their being is to ro^i^r. There is an erroneous impression 
afloat, that tlie eicatrijing process is able to help the exj)ansiun 
of [the eollapseil lun^-. But experience teaches us, as might 
have been exiwctoil a i rlvrL that it is the fibroid tissue which 
serves pernianontly to c^iuiprcss the lung. Sooner than allow of 
any such expansion, the ivniaining thoracic viscera, iJ(.\ the 
heaH, are dragged ovlT to occuj*}- the space which was formerly 
filled by the collapsed lung. No Torricellian vacuum is 
produced. The sti"css is bonie by the neighbouring organs, 
'ch arc dragged out of their places. The fibroid sac into 
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■ «lucli the ploura has lieen convorted must and will contract just 
Rs a orinary bladder contracts. Aud this contraction occurs 
witli such force that not onlj- are tlie soft and yielding thoracic 
organs compellud (o follow it, but the ribs also are dragged 
downwards and inwards till they oi'crlap one another like the 
tiles on a roof; the vertebral column itself undergoing a coitcb- 
ponding car\-atnrc. At the same time, the size of the cavity is 
pmportionatcly lessoned ; a few drops only of pua occasionally 
dribble from the fistulous orifice. And the process of repair is 
brought to a close by the total obliteration of the cavity. 



^^^m B. KoX-I>'FLAMMATOItV FORMATIONS. 

5 2T9, Wore I in this place to consider all the cancerous, 
sarcomatous, t;hoiidromateus and lipomatous affections which are 
occasionally mot with in serous membranes, I should be obliged, 
not only to recapitulate what has already been laid down con- 
cerning morbid growths in general, but to anticipate in great 
measure the diseases of the alimentary canal, the lungs, liv-or, Sic, 
For the serous eoat of any organ stands aimply in the relation of 
adjacent connective tissue towards those heteroplastic growtlis 
which have their origin and seat in the parenchyma of the organ 
itself; and it is in this capacity that it shares in the neoplastic 
process. The present chapter will therefore be restricted to the 
consideration of such growtlis as originate primarily in the 
serous mombraues and run their course mainly within their parcn- 
ehiTna. 

§ 280, Foremost among these stands that overgrowth of con- 

uoetive tissne which occurs in the walls of a serous sac dm-ing 

the cuntinnanco of a chronic dropsical cfFusiun. The first stage 

of the process presents itself to our eyes as n milky cloudiness of 

the membrane. Tliis is partly due to a moderate degree of 

thickening, but mainly to an idteration iu the consiatency of 

its fibres. Virchotc has given the name of "sclerosis" to 

that condition of the fibres of connective tissue, in wliicli 

their bulk is but llttlo altered, wliilo theii" solid contents (i.e. 

^^^ ihoir density) are eonsiderably increased. Such fibres are stlffor 

^^Kdnui usual ; tliey are less capable of swelling by imbibition ; they 

^^^PB, upon the wliole, more iiidiSci-ent to reagents, and refrnet light 
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tlon par M-cellenee; a proceeding wliicU seems to owe the t'avoui- 
Avitli wliieli it Ims been received, only to tlio summaiy way in 
"hicli it removes all semples concerning tlio qiueetio vexata of a. 
itofinitA boundaiy-Iiiic between liypertrophy and inflammation. 
To my mind, tbere really \s no sbarp lino of demarcation 
between tbe two. Inflammation is but a. perverted image of 
normal nutrition, and hypertrophy is but a minor degree of the 
very some pervei-sion. Of eom-sc I do not presume to arrest all 
discussion by any dogmatic statement; on the contrary, I 
willingly admit Uiat I do not feel myself in any way ripe for a 
f.'onclusivo utterance on this subject. I seek only to justify 
myself for describing the changes with which we are now con- 
cerned, as simply hyperplastic, without attempting to prejudge 
iheir mo<lo of origin and causation from the form which tliey 
a-isume. 

§ 281. The "milky cloudiness" alluded to above, is pecu- 
liarly striking when it aifects tlio sei-ous coat of a dark-coloured 
organ, especially tlie capsule of tho liver or the apleon, and tho 
^'isceral pericai-dium (tendinous spots of the heart). AVore tho 
brain not itself of a white colour, tho sclerosis of the ependyma 
in chronic hydrocoplialna would nndoubtodly present itself to 
our oyos as a milky cloudiness. Sclei-osis (to repeat what has 
ill ready boon said) is merely tlie lowest degree of hyporplastio 
overgrowth of connective tissue, as regards winch it is stilt 
uLiocrtain, wlietlier we ought to consider it as a proliforativo 
eltange, or as a simple condensation of pre-existing connective 
(issue. 

Besides sclerosis, wo are acquainted with a whole series of 
I'linuective-tissue pi-oliferntions, which have one feature in com- 
mon, viz. tliat they all tend to assume more of a circumscribed 
cliaracter. Li closest relationship to sclerosis, wo have the 
ilevelopmeut of sharply- defined, flat elevations of cartilaguiouK 
lexturc. These are most common on the capsule of the spleen, 
\Nhei'o they exhibit angulai" outlines and a yellowish-wliite 
transluoency, and may alUiu a height of from half a line to one 
lino. On the pleiu-a they are more circular and transparent, 
with a lenticular surface ; while on the tnnica vaginalis of the 
testicle they are characterised by their often considerable size 
and Iiardncsa, These cartilaginous elevations are closely related 
to tlie cartilage of the cornea in their minute Btruoture. Next 
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i^, whirh :i> ^^^* know. Tonns tljo common basis of thorn 
liest* groi^th^ ^whcn thev really spring firom the serous 
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\ ^niBux, and have not beeii {tropiigatcd jter cotitiffuum from ue'igh- 
bouring organs) arc all sLrikingly cluLracteriaed by tbeir %-c-ry 

[ Aiperficial portion. SdnLus looks like a pasty mass "whioli 
lias been uuiformly spread out uvcr the serous snrikce" (/^-> 
fofis^i) ; medullary cancer resembles scirrlias, or takes the form 
of roundisli £aUcncd pi-otDberaiice^ ; colloid cancer occurs " in 
the form of iiodiilcs, wliicli oct-aaioiiaUy grow to an auiazing 
:, and arc almost free in tliv scrons cavity, i.e. adhere to its 

j mils by a few insigni&catit vascolar attachments '' ; the spimile- 
ceil sarcoma as a fungoid vi-getation. FiniJly, the mih'ary 
tubercle looks vcr^' like a gi^v, miliary wsiclc. Most of tlieRc 
growths can readily be scrajied trom the serous surface wilii a 
knife ; tiie latter is left somewhat rongb, but witliout any iiu- 

J taut loss of substance. It is quite dear that llic quaulity 
connective tissue which has been requisitioaed ^m tlic 
healtliy seratis membrane by (lie growth, ia extremely smaiJ ; 
uicc it h on serous meiubranes that we arc best able to stiith' 
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the essential teieture of tlieae growths, with leant ri^k of boii)^ 
misled by adventitious consliluoiils. To what is this superficial 
localisation due ? It is due to the fact that tliese ttimonrs, taken 
in the aggregate, are — «t least primarily — outgrowths i 
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the epithelial layer ol* the serous incuibraiies. Nothing biiulers 
them indeed from s2>re<iding aftenvaixls, not only into the paren- 
chjTna of the serous membrane, but also tlux>uffh the parenchyma 
into neighl)ouring organs. Wherever conneetive tissue exists, a 
path is oi)en to them. We must not forget however, that the 
epithelia of serou«i membranes are themselves connective-tissue 
corj)uscles. 

§ 284. One example >vill sutiieo to ilhisU'ate this highly 
j)eculiar mode of origin. I c-lioose a miliary tubercle on tin* 
omentum. Fig. 107 rei>resents a very small nodule (under a 
low power), which has not yet grown out of the limits of its 
birthplace. It consists of a globular aggi'egate of cells, suspended 
from nine slender threads of connective tissue radiating 
from its perijJiery to the stouter and partly vascular trabecuk' 
which form the boundaries of one of the larger meshes of th«> 
omentum. 

Let us examine one of the nine [K>ints at which the oon- 
neetive-tiasue fibres join the nodule, under a higher power, 
(X800). Here, at tlu* edge of the formation, we may exixKst, 

if the nodule is still growing, to find appear- 

'• ' anc-es which will shed light upon tlie details of 

'v ^ / . .'■ its origin. We find what is represented in fig. 

e ', ;.; . ; , lOS. Tlie nodule grows by proliferation of the 

epithelial cells. The homogeneous lamella is 
raised from its bed on one side of tlie thread of 
connective tissue^ while on the oilier, it has 
been shed altogether ; the place of the nucleated 
proto^Jasm is taken by larger and smaller groups 
of young cells, which have clearly sprung 
from it by a process of fission. Tlie substance 
of the thread itself is unaltered up to the very 
edge of the nodule. Here it escapes our obser- 
vation ; but in the interior of tlie nodule it is 
still connected with the other eight threads in 
Origin of a ^^i- precisely the same way as it was before the 
by^rolifcration g^owtli of the tubercle. It obviously takes no 
of the sorons part in the proliferation ; and up to this point 

^^)f **' "*"' ^'® *^ entitled to regard the whole of the new 

growth &s a product of the serous epiihelia. 
■Id the oentriftigal growth, at a later stage of its progreBS, 
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reach tlio thicker trabcculse (fig. 107, a) of connective tissue, 
then indeed non-epithelial connective-tissue corpuscles will con- 
tribute their mite to the additive enlargement of the no<lule. 
But the size to which the nodule must needs attain before this 
can ix)ssibly occur, proves what the resources of epithelial 
growth can do without any extraneous help. 



IV.-MORBID ANATOMY OF THE SKIN. 

§ 285. In studying the structural alterations associated with 
the various disorders to which the skin is liable, it is of advan- 
tage to consider tliat organ as made up of the epidermis and 
papillary body on the one hand, of the corium and subcutaneous 
areolar tissue on the other ; the morbid anatomy of the cutaneous 
glands and the hair being considered by itself in an Appendix.* 
Tlio papillarj- body, ajiart from its other physiological functions, 
is the matrix of the epidermis. Tlie two structures constitute a 
vegetative whole; and their continuity is strikingly apparent 
when, as in the ease of most diseases, the vegetative relations 
of the parts are disturbed. So too the glands, the hair and the 
nails are all liable t^ sixjcial diseases of their own. Of course I 
neither care, nor do I wish to deny that the disordei's of the 
various constituents of (he integument pass into one another by 
manifold transitions, that they may coexist, that tliey may be 
pathologically identical. No classification of natural objects can 
lav claim to be absolute ; we must endeavour to select that whidi 
fits the actual facts most closely. Thas for instance, a similar 
analysis of the stractural constituents of mucous membranes 
would be far from conducing to a better knowledge of their 
l^atholog}'. 



1. Diseases of the Epedebmis and the Papillary 

Body. 

cu In/tammatioth 

§ 286. The integument of the body is peculiarly exposed by 
its )K)8itioii to all external influences of a hostile nature. We 
are not therefore surpriaed to find a long series of skin- 

• The nails will be dealt with among the homy overgrowths of the 
epidermis, the keratoses. 
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(li-seades caused by external irritants. And here we must not 
confine our thoughts to single impressions of a violent kind, sueh 
ns blows and knocks, but include likewise those more chronic or 
recurrent irritations of the sur&ce, trifling in themselves, which 
are caused by dirt, vermin, scratching, exposure to the weather, 
improper clothing, and the operation of chemical and mechanical 
irritants. 

Tliese trivial sources of irritation are nevertheless powerful 
enough to afiect the specially sensitive papillary body, richly 
supplied as it is with vessels and ner\'es, through its euticular 
covering. The papillary body reacts to the stimulus by hypcrsemia 
and inflammation; its disordered state is shared by the epi- 
dermis, and we thus obtain a group of changes, which are 
confined, at least In their beginnings, to the papiUary body and 
the cuticle. 

There is yet another cause to be considered. We know that 
in infectious diseases, when the general malady has reached a 
certain height, some individual organ is usually si)ecifically in- 
volved. We express the feet by saying that the disease becomes 
localised, and with this phrase we connect some vague idea of 
an elimination of the materies vioM, It is true that these foci 
of disease are ver}' commonly situated in secretory organs. 
In ;<niall-pox, me<asles, and scarlet fever, the skin is the selected 
organ ; it is supposed moreover that nettlerash, erysipelas, some 
forms of herpes, and a large proportion of chronic dermatoses, 
de))end on the localisation of some constitutional disease. Now 
what occurs in every one of these cases is not a mere abnor- 
mality of the secretion, as might be inferred fix)m the humoral- 
i^tic idea alluded to above, but hypenemia and inflammation ; 
moreover, at least primarily, it is not tlie whole skin but only its 
most superficial layers which are involved. The papillary body, 
strange to say, is tlie chief seat of the disorder, even wlien tlie 
.skin-lesion has been excited by causes operating from within, 
thi*ough the blood. Should this, like our former category-, be 
ascribed to the greater sensitiveness of the papillary body ? By 
no means. We must look elsewhere for tlie causes of this locali- 
sation ; and for my own part I cannot help ascribing a pecnliar 
influence in the matter to the distribution of the vessels. 

Normal histology has explained the way in which the vessels 
are distributed in the papillary body (fig. 109). Each papilla m 
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Yerticol section throngb tLo skin of the lower lip (after 
Thicrich). a. Homjintnina of the epiJermis, whicL is con- 
tinned into the hair-saca a« the inner root-shcath ; b. Seba- 
ceous glands ; c. Sweat-gland ; d. Yessels ; e. Fapillm of 
the roots of llie hair. 
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.nflaminntion so as to make them agree with those employed 
in cataneous pathology, and leavB it to otir readers to simplify 
mattei-s farther In- moans of sndi abatractioiis as have juat 
been hinted at. 

§ 288, — 1. 77m eiythemafous e-rantliem. Simple erythema, 
even when it amomits to a positive turgesoence of the cutaneous 
capilhiries, would hardly be supposed likely to affonl materials 
for histological investigation, were it not for the recent obser- 
vations of R Volknuam nud SUucIaier (Centralblatt, 1868, 36) 
on erysipelas ; those observers prove that in tlie course of 
this essentially erythematous inflammation of tho skin there 
occurs a verj- extensive migration of lencocytea into tlie cutis 
and subcutaneous areolar tissue ; true, these leucocytes disap- 
l>ear in two or throe days by disintegration and absorption ; 
still, they servo to show how easily a simple erythema may 
pass into those higher grades of inHamrantion, which it 
invariably jireoedes. Moreover, even a transient erythema 
usually leaves some vestiges of its prosoncc behind it. It is 
nsnally followed by a desquamation of the outermost layer 
of tho ej)idormifi, whether branny (desijitaimtio fiirfvrmva) or 
foliaceouH {ileiujuamatio ntembrawu'fa). This phenomenon can 
only bo explained by the close oonnex^ion which subsists between 
tlie nutrition of the epidermis and tho changes occurring in tlie 
papillary body. Every hypenemia involves a disturbance, an 
interruption in tlie nutrition of the epidermis. The details of 
this are not known. So much seems certain, that this disturb- 
ance causes a separation of the epidermis into an outer, less 
nourished, and an inner, better nourished layer. This separa- 
tion manifests itself as a real though imperfect cleavage, or 
rather loosening of the substanoe of the cuticle between its 
homy and its mucous strata, without the intervention of exnda- 
tion. When in the course of growth the oldest portions of 
epidermis oome to be shed, a simultaneous detachment of the 
deeper and younger layers of tlie horny stratum bears witness 
iJioir premature death and couaequont separation fi-om their 



Wo distinguish between diffuse and circumscribed erythe- 
matft. It otWn happens that an erythema which is at iii'st 
rlifFused, becomes concentrated in course of time at one or more 
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points of tlie cutaneous surface which he within its area ; and in 
proportion as tliis occurs, wo may anticipate further changes of 
an inflammatory kind at these points. 

§ 289. — 2. Tlie papular exanthem. By a papule we under- 
stand a shght elevation of the cutaneous surface, which feels 
like a little solid nodule seated on the skin. The papule 
originates by the passage of an inflammatory hypera^mia into 
exudation, within a limited area of the papillar)'- body. Tlie 
exudation is not situated in the epidermis. Tliis stretches 
unaltered over the enlarged papillad ; it is more tense and 
elastic than usual owing to its extension over a larger area. 
The exudation is situated in the substance of tlie papillae. 
They are saturated with an abundant supply of nutrient fluid — 
not with cells (at least in recent cases). We shall find here- 
after that formative changes are superadded when tlie papule has 
lasted for some time, and especially if it proceed to become a 
pustule. The individual papillae are markedly enlarged. It has 
been asserted that they luidergo, not so much an elongation and 
thickening at their apices, as an expansion at their bases, so that 
the level of the surface is in some sort depressed within the area 
of infiltration. This assertion hardly admits of proof or disproof, 
inasmuch as any direct observation is as good as imi)racticable. 
For, like many other infiltrations of the connective tissue, this infil- 
tration disappears during or immediately after death. The clastic 
reaction of the stretched cuticle drives the exuded fluid back 
into the vessels as soon as the cessation of the vis a tergo allows 
it to do so. We find patches of skin which, a short time before, 
exhibited the eruption in all its distinctness, apparently quite 
healthy. For my own part, I believe that the sharply circum- 
scribed character of the papular elevations points rather to a 
turgescence of the slightly bulbous tips of the papillae. The 
aftection is very prone to select the ring of small, closely- 
set papillae which surroimds tlie orifices of the hair-foUicles. 
Such papules are circular in outline, of considerable size, and 
perforated at their centres by a hair. Hebra assumes that in 
these cases a minute quantity of fluid is previously exlialed 
between the homy and the mucous layers of the epidermis. 
Here too I must say that I failed to discover any fluid in the 
substance of tlie epidermis ; but the point does not seem to me of 
much moment 
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Most papuloa arc redder than the surrouudiug skiu ; this is no 
more than might he expected, since tlie formation of a papule 
is pi-eceded hy a concentration of tlio hypencinJa at the aftectcd 
point; the occurrence of exudation however, tends to check the 
hjiJCKemia hy taking up the avaiiahle space, and so squeezing 
out the hiood — iho only constituent of the papilla which is 
free to escape. Thus it inay happen tliat tlie papules are not 
redder than tlie surrounding surface, hut of tlie same colour, 
or eveu paler, 

Fapulai- eruptions are most common in connexion with 
ules. 

J 290. — 3. The tc/ura/ stands in closo anatomical relation- 
'ship to the papule. Wlieals (potnphi) are broad and flat 
derations of the skin, firm to the touch, as may readdj be 
perceived by passing tlie hand lightly over them. The 
smaller wheals, those no bigger tlian a lentil, are circular ; 
larger ones, often of very great size, are produced hy tlie 
oonfluenco of the smaller ones and accordingly exhibit the 
utmost inegularity of outline. The smaller wheals are of 
the same coluui- as the surrounding skin ; they are seldom 
redder. The larger however and especially the more raised 
Uic wheal b, the more does its redness appear to be pushed 
to one side and concentrated in a narrow band along its edge, 
while its central part grows more and more pale. Finally 

[ we may have white wheals with a red ai-eola. These may be 

^^Lr^anled as the lu'ghcst stage in tlie development of the 
^^^K.Ortical exautliem. 

^^^^ The wheal is an acute inllamniatory a3denta of tlio papillary 

body. The exudation ia thinner and more serous than in tlie 

i.ase of the papule ; hence too, the rash is so very fleeting, that 

it may readily be iuci'eased by scratching, while it quickly fades 

without any trace, if left to itself. Tlio seat of the infiltration 

lias been already indicated. In the higher degrees of pompbosis 

the papillary body is swollen to such an extent that tlio flow of 

blood through it is completely arrested ; the blood which is 

meant to supply the part is retainwl at its periphery, where 

I it accumulates. The red areola of the wliitc pomphus is there- 

^^L fore duo to collateral liypeKcmia resulting from the imperme- 

^^Haliility of the capillary networks in the interior of the swollen 
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Pomphosisy as a transient oedema of the papiUaiy body, in- 
terferes less with the nuti^itive processes in the skin than any 
other exanthem; it is never followeil by any more profound 
disorder ; seldom even by branny desquamation of the cuticle. 

Among the external irritants best adapted to produce thi^i 
eruption are the sting of the nettle and tliat of some insects; 
among internal ones certain articles of diet (strawberries) and 
the specific cause of nettle-fever (Nesselfieber). 

§ 291. — 4. The vesicular or bullous exanthein. The papule 
and the wheal showed us the exudation arrested in the peri- 
vascular connective tissue, on its way from the capillaries of 
the papillary body to the surface of the skin. Tlie vesicle 
or bulla takes us a step farther. The exudation is now in tlie 
substance of the epidermis ; it accumulates between the mucous 
and the homy layers ; the latter is raised and arched out- 
wards like a knob. Tlie terms " vesicula " and " bulla " are 
both employed to designate this condition; their difference is 
one of degree only. The >'csicle includes those which are not 
bigger than millet-seeds ; the bulla includes all wliich exceed 
this size. 

A vesicle may be broadly said to originate in the transuda- 
tion of a fluid from the vessels, which forces its way up from the 
distended capillaries of the papillar)' body, passes through tlie 
rete inucosum, and is arrested by the homy lamina. Tlie colls 
of the latter are so firmly united, partly by the close way in 
which they are packed together, partly too by a sort of sutoral 
connexion of tlieir channelled surfaces, that they form a con- 
tinuous tough membrane, impermeable to fluid, and well adapted 
for retaining and roofing in even larger quantities of it. Tlie 
mucous layer is variously affected in diftcrent cases. If a bleb 
is developed verj" rapidly, as e.g. in gangrene, the soft bodies of 
the cells arc mechanically stretched into slender threads by the 
force of the transuding current — threads whidi give a mossy 
roughness to the surface of the papillary body. Should tlie 
transudation take place more slowly, as in Herpes and Ery- 
si|)elas bullosum {Haiffht), the deei>est layer of the rete Malpighii 
remains unaltered, while the " intermediate" epithelium-cells arc 
partly detached, partly pushed aside. The transuded fluid wells 
up with greater force from the apices of the papilke tlian from 
the interpapillary furrows; hence the layer of cells above 
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_ strip pod from the pupjllic, while remalntiig attached 

to the bottom of the furrows. A Bystom of cellular membranes 
and trabocuhc is thus formed ; these structures extend inoro 
or less vertically across tho interval between the homy layer 
and the papillary body; the thickest ones spring from tho 
interpapillaiy fissures ; tliey grow more and more slender in 
proportion as thoy recede towards tho summit of the papillary 
elevations. These trabecula; are ail made up of nucleated " in- 
termediate " colls, which have been stretched and flattened out 
mechauiually. The thinnest bunds consist of single cells, ofleu 
drawn out into several processes. If the transudation is more 
copious, llie Irabceuliu, whatever their sizoj are torn aci'oss, one- 
half adhering to the dotaehod homy layer, while tho other ia 
retained by the papillary body. 

It ia only in miliar)- vesicles that the fluid is contained be- 
tvreen the layers of the homy lamina {Ilaiffht) ; but tho inUmato 
connexion of this exudation with tho perspiratory accretion 
makes us hesitate before reokoning miliaria among vesicular erup- 
tions at all. The fate of the vesicles is different in diflcront 
cases ; they may burst and discharge their contents, or they may 
remain stationary until the hyjieramia remits and allows the 
exuded flnid to return to tho blood. The pressure of the 
stretched homy lamina, wlioee elasticity is well known, may 
contribnto to the latter issue. Tliat this force ought really to be 
taken inti> nccountj is plain from a consideration of blobs with a 
hyperasmic ai'eola. In these, the contents of tho bleb conipresa 
the underlying vessels to such an extent, that the afflux of blood 
is diocked, and stagnation consequently occurs at the margin of 
the bleb. The stratjt of epidermis which hare once been sepa- 
rated cannot however rounit«. Even when the honiy lamina ia 
closely applied to tho underlying ati'atum, and tho atatua quo 
ante lias apparently been re-established, we still find that tho 
affected lamellae wither and are shed before their time. Moau- 
wiiilo a new homy lamina is devcloiwd at tho ex]>ensc of the 
rete Malpighii. Tliis continues abnormally thin for a long 
period ; tho vessels of the papillary body shine through it 80 
brightly that the size and shape of tho fonnei- bleb may bo 
recognised for weeks luid weeks as a red spot, 

Tho iiistological details of tliis renewal — wliat part of the 
papillary body ia mainly instmmcntul in the proccsS| how strati- 
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ficatioD is produced^ &e. — all these are questions wliich normal 
histology must answer ; it has not answered them jet This 
issue is known as ^^desiccation of the bleb:" it has to be dis- 
tinguished from another and less favourable one, which may be 
briefly called "suppurative metamorphosis." This trenches 
however on another department of oiu* subject 

Vesicular and bullous eruptions are extremely common ; 
they are caused by external and internal irritants of all sorts. 
Among the former may be enumerated heat, blisters and epi- 
spastic fomentations, mechanical irritants, scratching, and re- 
curring pressure ; among the latter, Herpes, Pemphigus, 
Measles, &c, 

§ 292. — 5. TAe pustular exantliem. The term "pustule" 
is summarily employed in dermatology to denote every circum- 
scribed accumulation of pus under the epidermis. Accordingly 
the pustule is a sharply-defined straw-coloured elevation; and 
if we add that it is always circular, often provided with a 
central depression or umbilicus, and girdled with a red areola, 
wo shall have gone far to exhaust its denotation. Now it is 
obvious that such accumulations of pus may arise in the most 
diverse ways ; and this qualifies the value of the above defini- 
tion. We set aside for the present such pustules as are due to 
suppuration in the deeper parts of the skin {e.g. round hair- 
sacs) and confine our attention to those two varieties in which 
the starting-point of the suppuration does not extend below the 
level of the papillary body. 

a. We have just seen that pustules may originate from 
vesicles ; this occurs in Eczema, Impetigo, Herpes, Pemphigus, 
and Ecthyma. We may observe the gradually increasing 
turbidity of the vesicular contents even with the naked eye : 
by subjecting a drop of the contained fluid to microscopical 
examination we may convince ourselves that the opacity is due 
to the presence of detached epithelial cells and numerous pus- 
corpuscles. At a later stage, the pus-corpuscles predominate ; 
and when the process has reached its height, we are quite justi- 
fied in summarily calling the contents of the vesicle a rather 
Uiin and fluid pus. A vertical section through the skin (fig. 
Ill) show^s the outline of the papillary body in a state of good 
preservation, but with its substance permeated by a large 
number of young cells which accumulate at the apices of the 
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j)a]»ill3e to such an extent, tliat at tbese points a layer of such 
ijells extends iininterrupteJIy to the deepest stratum of the rete 
Malpigliii. This can still be recognised on tlie sides of the 
papillae and in the furrows between them, if we make use of the 
yellowish colour and erect position of its columnar colls as a 
guide. The state of tilings over the apices of tho papilla is very 
different. Here wo can no longer distinguish any line of 
demai"catiou between epithelium and connective tissue ; it is 
only by dlesectbg the parta witli needles that we find it possible 
to say : here is the boundary of tho papilla ; tliere begins the 
cuticle. For my own part I cannot doubt diat this is Uie main 
soiu-co of the young cells whicli we find in the contents of the 
vesicle. The irritated papillary body is in a state of the most 
exuberant proliferation ; the young cells travel towards tlie 
surface, where they are set free as embryonic cells and pus- 
oorpuscles before they have time to become developed into 
opithelia. Some may possibly force tlieir way through between 
the cells of the rete Malpighii; tlio majority migrate outwards 
from tho tips of the papillai where tlio rete has given way, and 
where the relation between the secreting surface and the 
secreted products is precisely the same as on a granulating 
Furface. 

Tlie whole process is thus seen to be au amie purulent 
catarrh of the skin. If wo take tho preliminary vesicular stage 
into account we may speak of a catarrh originally serous, 
which has passed into tho purulent stage.* Recovery from this 
-state may take place in various ways, according to the treat- 
ment adopted. If tilings are left to themselves, a scab is 
speedily formed by the drying up of the purulent contents of 
tlie bleb ; under this scab tho formative actions become gradually 
slower, and end in the pro<luction of a now epidermic coat. 
The scab has been regarded by many as a sort of roof under 
cover of which nature could proceed undisturbed to the renewal 
of tlie epidermis. Tho hypothesis is as false as it is attractive. 
Tho scab is simply a mass of dead and dried organic matter, 
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* The word "catarrh" ia usuallj emplojed to deooto tho anoIogouB 
morbid conditions which occur ia mncoOH mcmbranee. Accordingly I 
uliall diicnss the Epocial hiatolofnr of catarrh among the diseases of 
Uioae membranes. 
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which tends to undergo fbrther deoomporition and putre&ctioD 
BO 80on as it is supplied with enough m<Hsture for tiie porpoae. 
If we reflect that the papiUary body in its catarrhal state jields 
enough fluid to set this putrefactive process going, and that 
decomposing and therefore irritating matters are being con- 
tiuually produced on the under «ur£Eice of the scab, the sor&oe 
which is turned towards the papillary body, we cannot but eon- 
elude, and our conclusion will be justified by clinical experi^ioe, 
that so &r from exerting any salutary influence, the scab is 
positively a hindrance to the reparative process; peculiarly 
fiivourable conditions, such as a veiy rapid recession of tlie 
hyperaemia, a very complete degree of desiccation, &c., being 
needed, to allow of the catarrhal process healing underneath 
the scab. 

The denuded surface is clothed in just the same way as it is 
after the desiccation of a vesicle. I have indeed observed that 
concentrically-laminated globes, the so-called " pearly nodules," 
are exceptionally frequent in the new cutide produced under 
such circumstances ; this however is undoubtedly owing to tem- 
porary irregularities in the process of stratification. 

§ 293. The case is different when we have to do with an 
eruption which, for other reasons, has no tendency to get well ; 
when the vesicles and pustules are merely the acute beginnings 
of a chronic catarrh. For instance, some forms of eczema 
affecting the legs are essentially due, not to external irritation, 
but to chronic disturbances of the circulation, to venous hyper- 
asmia and phlebectasy. 

These afford us our best opportunities for observing chronic 
catarrh of the skin. Its phenomena depend on a chronicity and 
increasing intensity of the hyperaemia of the papillary body. 
This causes in the first place, and directly, the continuance of 
secretion from the affected patch. Large quantities of transuded 
fluid force their way to the surface ; the purulent character of 
this secretion standing in an inverse ratio to its volume, siuoe 
the rate of production of the pus-corpuscles remains constant, 
while the transudation increases considerably in amount. Finally 
we get a fluid which is almost clear, and very rich in salts and 
albumen; its enormous quantity sets all bandages at defiance 
(^^ Salt Flux"). The skin undergoes a progressive idteration 
vhich may briefly be described as an inflammatoiy hyper- 
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This is sIbo dae tv the li^pcriciuia of Uie papillary hody ; 
at lcH»t it is always tljo papilla) nliicb hegiii by growing at tJio 
expense of the embrjonie tissue produced at their apices, juat as 
happens in the growtli of granulations. Wo may occasionally 
observe, even with the naked eye, little rod buds sprouting up, 
which exhibit all die histological cliaraclers of graiiulalions, but 
whicli nre merely the enlarged — or, if tlie term be preferred — 
the degenerated papillae of the skin itself." 

§ 294. As the disease progresses, the state of irritatiuii 
which was originally coiiliiicd to the surface, extends to tliu 
deeper layci's of the skin, to the cutis and subcutaneous areolar 
tissue. This een'cs to connect chronic catarrh of the skin with 
those conditions which are deecribed imdcr the name of Eloplian- 
tia!iis in the second part of the pi-escnt chapter. It is difficult 
to determine how far tliie may depend on the catarrhal irrita- 
tion of the surface, in whtit uieasure it may be considered iis a 
reactive hyperti-ophy ; and ^^llat ^hare belongs to the predis- 
posing cause of the eczema it&clf, to the disturb:inco of the 
circulation of the blood and lympli, and lio« fur therefore the 
moibid change? deserve to be regarded as an iudcpeiident 
disease ; I will therefore break ofi' the thread of my exposition 
at this point and take it nji again wlien 1 cuuie to treat of 
ElephaotiaBifi. 

At preseot I will only s)>eak about the tondeiicy towards 
recorery, and the actnal process of i-epair, in clironic catarrh. 
We hove traced a close analogy between the pujilllaiy body '» 
ita oatarrhal state and the surfaoe of a granulating wound ; the 

•Thia illiiatnKca very strikingly the close connexion between hypor- 
plaslii; ntid hctcToplastio evolution. Those who nro iuolinnl to dis- 
tinguish i.harplj-, not mcrctj bottrceu )iyperplaati<: Hud hctcroplwtio 
growlL, but Ijetweeii iiiliaroumtoiy Lctoroplufii" ""it IietcroplaEtio 
liUDOurs. between simple aii<l "uSliimmatorj- hjTXTli-ojiliy, will do wc-ll to 
take this leeton, which skio-tliaeascs offer, to heart. We may and ought 
to avwl ouraelTes of these doRuitions for the porposo of f^vinf; d«»r- 
iiesa to onr coDceptions of the phenomena, but we ranit beware of oJo- 
vnt'mg them to ihe rank of rigid formula'. None snch exist in nature, 
which rcronciUa all controsts. In the present case, the acvelopmcnt of 
erobryonic tUsne at the juncticm of the epidermis with the connective 
Uflflu^ belongs, np to a fcitain point, to the normal plan of evolution of 
the skin ; no BOoner however doi.a it ovemtep thii I'O'''. than it at ooco 
«mTert8 the cutaneotia butDmm into a granulating »<w»- 
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analogy may be extended to its mode of healing, which closely 
resembles that of repair by the second intention. The phe- 
nomena exhibited by the cutis must be viewed as analogous to 
that ^^ cicatrisation from below ^^ which, as the reader may re- 
collect, plays so momentous a part in repair by the second inten- 
tion (cf. fig. 39, c, § 104). These phenomena consist of a very 
curious combination of two processes which act in opposition to 
each other, viz. the production of cicatricial tissue, and an in- 
crease instead of a diminution in volume. We shall have to 
return to the consideration of this point under the head of 
Elephantiasis. It cannot be doubted that these phenomena 
react upon the state of the surface ; on examining vertical sec- 
tions (fig. 110) we often find the remains of obliterated vessels, 
recognisable as pigmented stria?, mounting obliquely towards the 
dermal surface ; we may legitimately infer that their obUteration 
must have hindered the supply of blood to the papillary body. 
It would however be a great mistake to ground any hopes of the 
healing of the afiected surface on these processes in the cutis, as 
in the case of repair by the second intention. On the contrary, 
everytliing depends on the treatment to which the diseased part 
is subjected. Nature must be helped by astringent and sicca- 
tive remedies, but chiefly by a systematic application of pressure. 
Under such conditions recovery takes place by a gradual reces- 
sion of the proliferated papillae, and a skinning over of the entire 
surface. The diminution in size of tlie papilla) is operated pai*tly 
by the retm*n of the infiltrated fluid into the blood, partly by the 
fatty degeneration and absorption of large numbers of corpus- 
cular elements. Litercellular substance appears between the 
cells ; hairs, glands, and nerve-fibres are no longer to be found ; 
they have obviously perished in the stormy activity which pre- 
vailed in the connective tissue aroimd them : but nothing is 
known about the way in which they are destroyed. The papillae 
never reach their normal height ; in fact it is only tlie shallow 
undulations of the boundary-line between connective tissue and 
epidermis which indicate their existence (fig. 110). 

In marked contrast to a granulating sore, the skinning-over 
of the surface starts from several centres at once ; it proceeds 
from within outwards as well as from without inwards; this 
anomaly is due to the presence everywhere of remnants of the 
old rete Malpighii, which may proceed directly to the formation 
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of a new homy lamina. The homy layer conthiuea very thin 
for a long timo, and wo know how easily a renewal of the flux 
may nipturo the delicate men:ibrane and so re-establisli the 
disease as soon as it is cured. It is worth notice that in cases 
of pomianent recoveiy the deepest cells of the rete Malpighi! 
exhibit a striking tendency to become infiltrated with pigment 
(fig, 110) ; this manifests itself to the naked eye as a brownish 
staining, diffuse or circumscribed, of the affected patch of 
skin. 

5 295. — b. Tho second variety of exanthematic pustule — 
the poci: — is undoubtedly the most interesting of all cutaneous 
Fio. 110. 
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"Vertical section through the skin after chronic eczema, 
I. Horn]' lamina: i- Mucoua layer of tho epidormis; 
;. Pigmented layer of coltiinnor cella; d. Papillary body ; 

;. Cutis traversed by streaks of pigment. 



eruptions from ti histological point of view. Tlie pock is at one 
period of its existence a simple pustule, but that is before it has 
attained maturity ; moreover it an'ives at this stage by so 
peculiar a road, tliat it is cntitle<l on both grounds to an 
independent position. 

The pock originates as a papule on a very hjperscmic base. 
Tliis proposition, which is repented by all test-books, may bo 
allowed to pass uncliallcnged, if we elioosc to term every liaivl, 
nodular elevation of the cutaneous surface a papule. Bnt it 
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must be romomberod that the small-pox papale differs v< 
odscntially from the papales we have already described (e.jr. the 
])apule of measles). The small-pox papule is situated, at least in 
great part, in the substance of the epidermis, not nndemeaih it 
It begins, apart from the hyjieraemic condition of the papillarj 
body, as a circnmscrlbod "parenchymatous inflammation** of 
the epidermis. I use this word under reserve. That peculiar 
cloudiness and swelling of the cells which was discussed in §§ 36 
and 37, and which moots us here once more, has not in my 
o])iiiion established itself on a very firm footing, as yet, in 
general pathology. The circumstance that the swelling leads as 
often to fatty degeneration as to endogenous multiplication, 
renders it doubtful whether it ought to be considered as a pro- 
gressive or as a retrograde metamorphosis of cells. The present 
case is undoubtedly one of incipient productive activity, which 
may therefore rightly be called " inflammatory." 

It is neither in the deepest nor in the most superficial layer 
of the epidermis that the swelling begins ; its starting-point is 
in the middle strat im, which wc have already described as com- 
posed of " intermed! itc cells," and as belonging to the mucous 
layer. These cells an^ no longer naked, like those smaller 
elements which are in immediate contact with the papillary 
body ; they possess a membranous investment whose surface 
already exhibits here and there that delicate grooving which was 
first discovered by M. Sclmltze, The presence of a limitary 
membrane renders it impossible for them to respond to the 
inflammatory stimulus by simple fission ; their proliferation 
must take place by endogenous development But the first 
stage of endogenous growth is that same " cloudy swelling " 
which is followed by segmentation of the enlarged protoplasm 
and the transformation of the '^segmentary spheres" into 
pus-corpuscles (cf. the description in § 68, fig. 30). 

^ 2^6. The shape of the individual pock is always oircaUur; 
more complex forms are always due to the confluence of adjoin- 
ing papules. This peculiarity, as may be shown in the case of 
many pocks, is due to a concentric arrangement of their ele- 
ments round the orifice of a hair-sao or 8weai>-gbuid. These 
}K)cks may be distinguished from the reat even with the naked 
eye. They exhibit a central depression, the ^^ mnbilieos.*' 
Everybody knows that both the rete Malpighii and the 



PTSnrLB. — BMAIL-POX. 351 

lajer of tlie epidermis aro prolonged into tlie bair- 
SMB. Now if tho awaiting — or still more that aerous 
satnration of the rete Malpigtui of which I am ahout to 
spoak — extends to the circumference of the follicular orifice, 
then the homy epidermic lamina whieh linos the follicle 
(thft inner root-sheath) will act upon tlie enlargement aa a 
central retinacnlmn (or bridloj ; and will tlma prevent the 
middle of the poek from rising to the same height as its peri- 
phery. The opithelium which lines the duets of the sweat- 
glands is less tough than the inner root-sheath of the hair-aaos. 
Il owes what cohesive power it has to its boing stratiBed in a 
plane which cuts that of the cuticnlar strata at right angles or 
obliquely. But the morbid change does not oven in*-olve the 
parts in immediate contact with the duct. At all events I have 
many specimens in my possession which exhibit the ducts of 
sweat-glands with the tissues immediately surrounding them as 
the retlnacula of smallpox papules (fig. Ill, a).' 

g 297. The nest step in the developmental process is tlio 
conversion of the papule into a pustule. This is invariably 
preceded by a serous infiltration of the epidermis. A clear 
fluid forces its way up from the papillary body, and raises the 
homy lamina of the outiclc ; it docs not detach it from the 
mucous layer as in the production of a vesicle, but forces itself 
between tlio lamellfo of the latter structure, pushing them 
asunder, and displacing them to such an extent, that from 
having boon horizontal thoy come to occupy an oblique or 
vertical position (fig. Ill, />). This gives the upper part of the 
pook a chnmhored appearance, which has long attracted the 
notica of pathologists and haa indueod mauy to ascribe a loculoso 
stractore to the entii-e pock. Tliis is decidedly incorrect. It is 
only the npper portion, the "dome" of the pock, which is 

* AiMfiti and Ba»ch (Virchoa'a Arohiv xxriji.) eiplain the umbUicB- 
(ion o( the postula in a way irhicb does not seem to me very plausible ; 
" The swelling of tbe iadiTidiial cells keeps'^ extending in all dtroctions 
rrom the affected centre; conaeqnently the efflorescence aa a, whole, 
increases in balk ; the formation of pus in its centre proceeds but slowly 
at first, and the poa is enclosed by,',tho peripheric accnmnlation or 
GwoUea cbIU as bj a capsole; the latter growing coBtimully Isrf^r, 
withonb the pns-formation in its interior being able to keep para 
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chambered It is from tins that we arc able to obtain, either 
by a series of fine panctutos, or by a single shallow horizontal 
incision, which BOparatcs only the homy lamma, that clear 




lymph which plaj'S so important a part in the propagation of 
cow-pox. 

§ 298. Suppuration now sets la In the deeper layers of the 
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0[>ideriJiis, where il follows timiieJiiitoIj" iipo.i the [mrcii'.'!:;,nna- 
tous inflammation. A liost of pus- corpuscles is generated by 
each of the swollen colls, and tho chambered clo^no of the pock 
is soon filieS with a yellowish purulent fluid in place of the 
transparent lymph wliich It previously contained. Tlie pus- 
formation nood not go beyond tho epithelium.- Tho pus dries 
np, and before the pock is thrown off, a new epithelial covering 
for tho cutis is completed underueath It. 

As a rule howeverj the papillary body takes part with tho 
epithelium in the production of pus. It may do this in (wo 
ways. We may distinguish between a catarrhal and a diphtheritic 
pus-formation. For the catarrhal variety I may refer the 
render to § 292 and fig. 111. The suppuration is superficial, 
the papillary body remains Intact, and is roofed in during con- 
valescence by a layer of new cuticle which long coiituiues thinner 
than the normal epidermis. This variety of pock heals without 
leaving any seai-. Both anatoniicaJly and clinically it Is a far 
less Berions affection than tho "destructive" pock. Tho lattor 
consists, not in a mere secretion of pus from the papillary body, 
but In a liquefaction of its proper substance ; hence it results in 
lo^s of tissue, in ulceration and scarring. Bdrenspmni/ has given 
an excellent deseriptlou of the natjetl-oyo characters of the dlpli- 
tliorltic pock, as follows : " In the second stage (of pock-forma- 
tloii) an exudation takes place wherever simple IiypersEniia 
existed; those portions of the cutis which hitherto presented a 
lively rcduess, now assume a white colour which extends to the 
subcutaneous areolar tissue ; they seem impregnated with a soft 
mai^s of exudation ; their edges are surrounded b}' a red areola ; 
the papillee too have lost their colour. In the third stage, tho 
icsicles undergo conversion into pustules. On investigating the 
pock at this period, we can assure ourselves that all die iufiltrated 
part of tho cutis, together with its papillip, has been destroyed 
by suppuration. Tho pock exhibits a hemt spherical, vaulted 
a])iiearance, and contains, besides pus, slu^s of the necrosed 
tissue. A fourth stage exlilblts tlie pustules torn open at their 
apices, and emptied of their contents ; their place is taken by 
little open ulcers, which leave tlio well-known reticulated scars 
behind them when they heal." 

Tho microscope furnishes us with a very simple and tlio- 
roughly explanatorv cummeutary on this succinct and luininoua 
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il(<scni>tii>ii. Iid>'')"'i'iiiiiu''' uxudution U not sometliiiig aiuor- 
nlitiiu — not congiiUitccI ulljiiiiicn or fibrin ; it ifl matlo up of 
«inui«ciilar cli-incnt.* — i»f |)iis-cells. Wc must recollect that even 
ill the i-iitarHiiil variety i»t' su|)puratioii, the papillaiy body was 
abiiiiilaiitlv {H<riiioati-il liy young cell!), some portion of ivliich 
riiiigniloil aiitl wi'i-c thrown off. In tlie present case, this in- 
filti-atioii is exooitt^ivo in amount ; the cells accumulate in sncli 
I'liiiniion.'' iniinlicrs in the interior of the papilla?, that they not 
Wi\\ iniisk, hut aimpri'SB, and si» eawsc atrophy of all the other 
jili-u«'tnren, tho connect ivc-t I who fibres, the vessels and tho ucr\-ca. 
The hicMMl cannot pain access to tlic infiltrated i>art ; hence its pallor. 
TIh' annexed (lniwin;j Ca^. 112) pIiows this stateof things tolerably 
well. TIk' \osseIs have licen injieteil with gelatine and carmine. 



Whi-ri.-vor llie bIcKid failid tn penetrate during life, the injection 
liHK also faili-d to eiitei' ; ^o (hat to right and left of the poi'k wc 
^■e the capillaiy 1..«.im ..f tlio papilla- well filled (-n), while the 
pcick itself i-iinlaiiis iid traee of tliein. It looks as if a senii- 
irirciilar piicc of the cntirt with its pn]>ilhu had been cut out oi" 
tlio capillary ncfwork. The wlmlc of this ])ortioii is infiltrafetl 
with pns-cirt'iawclcs in the way described above, and niay l»c 
n-gaiiletl as alR-aily dead : the only fpicstion is how long the 
fibres «)f the connect ivo tissue, and tho obliterated vessels which 
it contains, and whieli conncet it with tlic neighbouring j)ai'ts, 
will resist disintegration. Tliey hist longer in adults tlian in 
j'onng people. In the former case an adherent slough is formed in 
the cutis ; in tlio latter, tlie infiltrated part soon melts into pus ; 
tbb dries into a crust; in either easo however a supoifici&l 
defect of the cutis remains — an ulcer — which Iieals by the second 
intontioD, and lea^'es a permaoent scar. 



} 299. — ■(). The /I'/H'imo'ix i:v"iitJifi». 1 !mve referral on 
more titan oiip oc-oasioii to tho dilfioulties which beset our path 
whenever wo Uy to separate tlw> conception of iiiflnrnmatjoii from 
that of hypertrophy, as astiologioal categories of morbid growth. 
Tlie squamous cxanthom undoubtedly originates in a chronic 
inflRtninatioii of circumseribed ijortions of tlio skin. Tliesc aro 
reddeucd, slightly swollen, and endowed with all the otlior attri- 
Ifutes of inflammatory hypera-mia ; tlio result of this hy]>era:mio 
<romlition being, not an exudation into or under tlio epidermis, 
I)nt merely an over-jiroduction of jici-fectU' normal epidermic 
dements, Tliis begins na an increased desqnamation of homy 
cells, of " cuticolar scales," ui>on the hypeneraic, slightly raised 
patfh of skin (n-iiiamn; ilf-juamatio, squamous exantliom). The 
HCcrotion of colls bonever, soon assumes greater proportions ; 
white masses varying in size from a millet-seed to a lentil, and 
also diseoidal plates, are formed, consisting of scales Jieaped np 
on one another, and firmly adherent to the parts beneath them 
(Psoriasis). WHiy, as the disease progresses, tlio epidermic cells 
cease, to be simply raist oft', wliy they should accumulate in thick 
iicales, is elucidated by pathological histology as follows, The 
more cxnborant the production of cells on tlie surface of the 
inflamed cutis, tho more imperfect is the degree of development 
nttnined by each individual cell. The average height to which 
thoir development prooeods under such circumstancos is that of 
the "intermediate cells," between the cylindrical elements of 
the nnioous layer and tlie deeper cells of tho horny lamina. 
That s^-stemntic hardening which we call "comification." re- 
mauia in alM<yanco ; in il« place we have a simple desiccation of 
the soft protoplasm. During thin desiccation the cells very 
nnturully adhere to one another, anil thus retain tlieir connexion 
(which 13 pnrely mechanical) with Uie surfeec of the boily for h 
longer [wriod. 

The silvery hue of the scales in jtsoriasis is duo to the 
aduiiasion of air into their suhstance, simidtaneously with the 
desiccation of their cells ; and this also gives them their pecu- 
liarly spongy and iwrons consistency. If we pick ofl' the mass 
of scales, which may be done as a rule without employing ranch 
force, we find tho papillary l>ody under it almost entirely bare. 
Tho layer of epithelium which protects it is so thiu that the least 
loooh is enough t« detach it, and to make the surface bleed : we 
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must recollect notwithstanding, that the continuity of the epithe- 
lial layer is still quite unimpaired, and that there is no trace of 
any exudation. Taking all these circumstances into account, we 
can aiTive at only one conclusion with regard to the essential 
nature of the squamous exanthem, viz. that it is a morbid 
growth taking place upon a decidedly inflamed base ; and that 
this growth exhibits a ver}' marked excess of, but — apart from 
the imperfection of the comifj-ing process — no qualitative devia* 
tion from, the normal coureo of cuticular development. Tlie 
squamous exanthem is an inflammatory overgrowth, and serves, 
as such, to connect the foregoing sections with the ensuing one. 



/? Hypertwphy. 

§ 300. What has been said above (§ 83) with reference to 
the physiological growth of epithelium and the extent to which 
the subepithelial connective tissue takes part in the process, may 
be transferred directly to the epidennis and papillary body. 
The papillary body supplies the epidermis witli yoimg cells : 
these arc added to the rete Malpighii and gradually dovelope 
into epidermic cells. A morbid over-activity of this process 
forms the common basis of a great number of hypertrophic con- 
ditions, which we are now about to consider. I say " a great 
number," and I attribute the manifold variety of the appear- 
ances presented, io the circumstance that the embrj'o-cell which 
ultimately becomes an epithelial cell, is, before its emigration 
from the connective tissue, one of its homologous constituents, 
and is equally capable of contributing to the overgrowth of the 
papillary body, when it is produced in abnormal quantities. Tlie 
very process which ultimately issues in the formation of epi- 
thelial cells, if it be interrupted at an earlier stage, must inevit- 
ably produce connective tissue. In including the overgrowth 
of the epidermis and papillary body in one and the same chapter, 
I have therefore been guided, not merely by the circumstance 
that they are in fact nearly always associated in nature, but 
also by the unity of the fundamental process which underlies 
tliem botli. The series opens witli those forms in which the 
epidermis alone is affected; it ends with those which are 
limited to the papillary body ; the intermediate forms being 
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k arranged according as one or other constituent is cliiefly in- 

7 volvcil, the miJcllc term corresponding to the equal implication 

I -ol both. 

5 301 , — The callosity (calhgilas) is a circumscribed thicken- 
ing of tho horny layer of tlio epidermis. It forms a flattened 
au|>erficial elevation of horny transparency, which slopes gra- 
dually down on every side. Its consistency depends on the 
amitiint of moisture present, iuid varies from tho elastic and 
flexible to the horny and brittle. In its minute characters it 
(IIRei-a from the normal atrnetureof tho horny layer, only ia tho 
number of 8U]>erimposed strata of flattoued and homy epidermic 
«;lls. 

If it l>e the function of the epidermis to protect the surface of 
tlie body from external influences by a coating which, however 
thin, is nevertheless very resistant, we may legitimately regard 
the callosity as a fiinctional hyi>ertrophy, analogous to tlie 
hypertrophy of muscles from over-work. Observation tells us 
that callosities are exeluBively produced at such points of the 
cutaneous surface aa arc exposed to severe or often-repeated 
pressure ; as e.g. tlie palm of the hand and sole of the foot. 
Wo should then ascribe the greater thickness of the homy 
layer, witli which these parts are iiatnrally endowed, to natural 
selection. The notion that a hyperaeraie state of the papillary 
Iwdy, and a consequent increase in the nutrition of tho epidermis, 
are caused by external pressure oti those parts, is far simpler ; and 
80 far from being antagonistic to tho former view, it rather 

I serves to explain it. 

" 5 302. TuK CORN (clamu) is a modiHed callosity. Here 
too, external pressure acta as the efficient cause of the over- 
growth. The (iiflercnce in the resnlu depends on a variation 
in its motle of action ; if the point at which tlie two opposing 
forces come into collision coincides accurately with tho point 
of contact between the compressed part and the compressing 
ngcnt, a callosity is produced; if on the other hand the two 
points do not coiiici<le, if the seat of conflict is witJidrawn into 

I the interior of the comprosBod part, in other words if the 

* compressed part is capable of yielduig to tlie pi-easure, a corn 
results. 

Fig. 113 represents a vertical section through a com under 
a magnifying power of 20 diameters. Here too we have a 
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trifling elevation of die surface ; it is, bowci-er> far siualJor auJ 
more cireumfcribeJ tbati in llie ca^ of die callosity. The 
swelling whicli proceeds from tlie iioder surface of tlio thick- 
ened bwQj layer at tliis point, is of far greater moment (a). 
Tim forms a trunentc-d cone witli iu axis at rigbt auglce to tlie 
surface of tlie skin, Into which it has i>eDetra(ed for some 
distauco. Its pressure has flattened the ptqiillaiy elevations; 
the eutis itself is hegiuuing to get thinner, and caeea uot 
unfrequently occur in which it is actually perforated. On 
taming our attention to the epidermis itself, we notice a striking 
departure from the usual plane of its stratiiioatioii where tlic 
com is thickest. For, coinciding with and exactly pai-allcl to 
the cur\'ature of the conical phig which is forcing its way into 




T«rticftl B«otion throagh a corn (uftcr Simon). The' papUluvy 
bodj at a is seen to be flattened by tbe prcBBure of the 
central part of the com. i\,. 

the cutis, alt the uupeijaccut strata of C])idenuis are bent willi 
their convexity inwards, so tliat the oeutre of the com is iii 
BouiG sort differentiated from the itaits ai-ouud it. This inwanl 
cun'ature is also duo to the external pressure ; which mar be 
said us it were to havo manufactured a tool for itself out of the 
epidermis, witli wLicli it can proceed to operate against the 
dee[)er parts of the skin. 

§ 303. The keratoses of Leltrt fomi a com])aratively raiv, 
but all the more interesting group of thickenings of the honiy 
layer of the cuticle. Monstrous accumulations of liorny matter 
on the snriiice of the skin arc rendered iwssiblc iu tlte keratoses. 
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hy tho fact tliiiL dio stiatifiimtiou of the horny oells of tin 
epidermis follows a dlflfereiit law fWim that by whicli it is 
normally governed. 

It h vrell known that tinder ordinary conditions, the strata 
of homy cells lie pai-allel witli the surface of the body, and 
that tbo paptllEC take no part in the finer subdivision of the 
eutaneoua surface. It is only the deepest layer of cells fonning 
the rete Malpighii, which accnratelj- follows ciery elevation and 
depression ; and which would tlierefope present, if taken by 
itself, a perfect mould of the papillary body. Between this and 
the horny layer is iutcrposod the thick cushion of the " inter- 
mediate cells;" those are not sti-atiGed, and therefore furnish 
materials ivhieh are, from this point of view, quite neutral, for 
filling up all t}ie inequalities of the layer below them, and so 
paving the way for the liorixoutal stratification of the layers above 
them. In the keratoses these "intermediate colls" are either 
quite absent or ebe disproportionately few in number. To tJie 
best of my belief they becomo prematurely homy, and this I 
regard as the essential physiological basis of the entire disorder. 
The absence of ''intorraodiato colls" necessarily entails tlio 
absence of any transition &om the one plane of stratificatjou ta 
the other : the horny layer of the epidermis Is obliged in eons©- 
qnenco to follow the rete Malpigliii in its adaptation to all tlie 
clcvatioiis and depressions of the papillary body. Each layer 
of horny cells must therefore send into the layer which lies 
immediately above it, processes exactly resembling those which it 
roccives from the layer immediately below it; processes which 
correspond exactly to those wliich the papillary body projects 
into tlie deepest layer of the homy stratum. All the constituent 
layers are tlitw indissolubly united ; hence all the homy matter 
remains wliere it is produced ; hence too the possibilitj- of those 
cNtraonlinary thickenings of tiie homy lamina which charac- 
terise the entire group of keratoses. 

5 304. Following Lrfxrf, wo distinguish a difl'nso from a cir- 
cumscribed form of keratosis. The former results in the pro- 
ilnction of Hut, horny scales, wliicii often cover largo areas of 
skin. Notunfroqnently they resomblo the scales of fishes ; hence 
the name Idilhifomi; ovuHsionatly they assume a iiioro proluberant, 
conoidal or prismold form, thus approaching the clrcumscriheii 
TBTJety of keratosis, tlie i-nrmt fminimnm. That the great bulk 
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of tlieso scales is made up of lioniy cuticular cells is bpyond 
doubt ; some authors indeed allege that they have succeeded in 
isolating fibres and lamella}, by tcazing out the scales after macera- 
tion ; but these fibres and lamella) must also have consisted of 
epidermic cells. The mode of their occurrence will be self- 
evident from the ensuing observations. 

If we break an ichthyotic scale in two, we may detect a 
vertical stiiation on the fractured surface ; hero and there too, 
something like stiff fibrils may apjw^ar to project. By macerating 
the scale in feebly alkaline liquids, and then treating it very 
cautiously with needles, shaking it, &c., we may now and then 
succeed in breaking it up entirely into vertical prisms, or, 
if the term be preferred, into short and thick fibres. Every one 
of tliese fibres may bo shown to consist of a certain number of 
homy lamellic concentrically grouped round a central axis; 
when cut across, they may be counted on the cut surface like 
the annual rings of a tree. In the axis of the upper two-thirds 
of each pseudo-fibre we find nothing ; in the lower third we find, 
either nothing at all, or a minute cavity which was once occupied 
by a more or less elongated papilla of the cutis. We infer from 
this, that it is the papilloc which regulate the peculiar stratifica- 
tion of the homy lamella?. The axis of our concentric cylinder 
is continuous with that of the papilla ; and the almost vertical 
inclination of the lamella) is merely a repetition of its steep and 
sloping sides. 

This explanation does not cover all the phenomena of ich- 
thyosis. We must bear in mind that the surface of tlie skin also 
presents vertical planes where it is bent inwards to form the hair- 
sacs ; that these vertical surfaces are directly continuous with tlie 
sides of the papilloe ; also, that the ei^ithelial lining of the hair- 
saes is merely a i)rolongation of the epidermis. Nothing is more 
usual than the extension of the ichthyosis to the hair-sacs when 
it happens to affect hairy parts of the skin. Tlie homy lamcUce 
which arc thus produced, form, as might have been anticipated, 
easts of the hair-sacs ; on transverse section they exhibit con- 
centric rings round an axial cavity. When the cavity is occu- 
pied by a hair, this appears in some sort as the axis of the 
laminated body; tliis circumstance may be made use of as a 
guide ; but it must not lead us to imagine that the hair, as such, 
exerts any regulating influence upon the stratification of the 
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r" laiiielliC. Tiie Ii;iira upon tlio affected patcli are thin and 
caducous ; tliis }>oint5 to a disturbance in their nutrition, dud to 
the corniBcation of tlie liair-sac Tlie ]>rocess extends as a rule, 
deep into the fundus of the sac; the liair-bulb proper alone 
remaining miafleetetl. Fig. H4 represents a vertical section 
through an ichthyotic scale, and shows its connexion witli tlie 
underlying skui. Tlie sjweiinon was taken from a calf affected 
with congenital ichthyosis ; it is preserved in tlie Physiological 
Institute at Brcstau,* and is especially fitted to shed h'glit on the 
rolfttloii of ichthyosis tu the hair-sn 




. Iclithyotic scale; ■ 



9i'tical scctioD. 'I'ikkeu from a calf nfTected 
with ichthyosis, /d- 



' § 305. With ichthyosis we may associate cutaneous horns 
Vcomu Iiainantiin) as I'lrcumscribod varieties of keratosis. A 
monster of this dcBoription (£) indies in lengtli) Is preserved in 
the colloction of tlie Pathological Institute at Bonn. As the 
Hguro (fig. 115) shows, it is a rounded prism, longitudinally 
groov«l, and spirally twisted like a rain's liorn. Most cutaneous 
horns, Uiough neither as long nor as thick as this one, present 
• Cr. SoTpeek, description of tha skin of a calf born with Icfatlijosis 
corne*. RekhfH u. Duhoii-R-ymond'i Archiv. Jahrgang 1862. Heft iii. 

p. sax 




■•A<-. - ■-■ .ir': ■ -. - ..:■'. - .-■: • :;:t- -r.^c^-*.*:-. 

'.r ,, ■'■ :.'-./i. .■..:-.■...■-. -^'..'.—,. . '■::'.:■: ■.r.-i- njnther '.i 

>nf< in.'ir.r..r. flai;.. ■-- -■,. -o Liii.-rll:- ;i;;a:;i. i-i niaJfi cj ot' ; 

tlif ' '.-fr/.f j'rij.i.'r-. r:;nt w; n r. ■■Irair. fcj inacCTai:( i 



KERATOSES. 363 

lees acceutaahxl curves. It is clear tlmt tlie procose was ongiii- 
aily ciintiiie^l to a smaller group of eutaueuiis pni>illiD, :itu1 
spread, at first gradually, tltou witii progressively increcteiri}; 
rapidity, tu snrrumidiiig juirts. 

If we oxstnine tho undor sitrfai-v of auo of tliese lioriis aftei- 
Us removal, we uot uufroiueutly ubsene a number of small 
ooiiical projections; these were recognised by Vin/iow to bo 
homy castb of hair-foil iules. So iJiat beru also, as in iuliUiyosig, 
tlie morbid process may extend to the hatr-saoa. Tbe horny 
matter produced by tlie haii'-saos oau never indeed oontribiito to 
raiac tbe lovol of tie suriaoe ; so that it would be absunl to talk 
of tlie conm humauum oii^iiuUaii/ from tJio liair-follioles, Tboir 
implicutiou in tho process, however, indueos a tbiokcuin^ of tbc 
horn at ita base ; and as tliis is lodged in ihc von- substanoa of 
the cutis, it raises the notion tliat the bom springs from a 
saooular depression — a dilated follicle — of tbe ekin. This ex- 
plains much of what haa been put forth coDcemiug tbe follicular 
origin of cutaneous boms. Tbe noceasary basis for the growtii 
of a horn is always a group of papillot- ; and when wo find Ijorns 
springing from the fundus of n sebaceous eynt wo aru tcmpteil to 
inqnii'e, fintt, wbetbcr the c)'st was really prior in point of time, 
ooil secondly, wlietber these horns also do not S]>ring from n 
basis of proliferated papilla.'. I have oAcn seen vast numbers of 
smatl^ pointed papilliD on tbe inner surface of eebnceous cysts, 
whose growtli must obviously have been seooiidary to the forma- 
tion of Uio cyst itself. 

5 306. Appendir. — The appendages of tho lioi-ny layer of 
tbe cuticle — the bail' and tbe nails — are, under ordinary olrouni- 
stances, the largest accumulations of horny matter in n compact 
tbrm, to be met witli in the body. After they have on«- 
assumed thoir proper shape, tliey are not liable to any im- 
(lortout dtange. At the utmost they oan only undergo atixipby, 
i,e, they may sph't up and tall off' prematurely ; and even this 
is a result, not of any disease pi-ojicr to the bair or tlie nails, but 
of some morbid condition of tlieii* matrix. The same may bo 
sitid of the DppoHto condition of hypertrophy of the hair and 
tho nails. Whatever |)nintft of iulerest ihoso conditions may 
present to the histologist, will bo uonsiderud, as i-ttgards the hair, 
ill tho diapter on tlie liuir-Sacs nnd Sohaeeous Follielm ; — and 
asregards tlie nails, at ouoe. 
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Onychogryphosis ( Virchow) or the daw-like deformity of 
tlie nails which is associated with their simultaneous detachment 
from their bed, depends upon a h^'perplastic state of the entire 
matrix of the nail. First stands that portion of its bed which 
forms the lower boundary of the onychial fold (Nagelfalz). 
Tlie long, horizontal papilla? of this region furnish nearly all the 
substance of the nail, since this is no thicker at the finger-tip 
than it is at the edge of the lunula, up to which the papillae in 
question extend. This gires the nail its ridged appearance, ver)' 
apparent by reflected light ; each ridge corresponding to a single 
papilla in tlie same way as the vertical fibres of the ichthyotic 
scale. Irregularities hi the rate of growth, which may be 
alternately accelerated and retarded, give rise to transverse 
ridges and furrows. I ha\e repeatedly observed that the 
remissions and renewals of nutritive activity during subacute 
j)}rexial disorders leave traces of their presence by little trans- 
verse grooves and ridges upon the nails. The anterior part of 
the bed of the nail yields a thin layer of loosely-connected epi- 
dermic cells, upon which the body of tlie nail glides forward as 
upon a cushion ; it may be assumed as highly probable that 
these cells likewise contribute, though in trifling measure, to the 
growth of the nail in tliickness ; this is rendered likely by tlie 
close adhesion of the nail to its bed ; but it is far firom being 
proved, and is e^en totnlly denied by Henle. 

Now if the matrix of the nail l)ecome hyi^erplastic, the 
anterior i)art of its bed furnishes layer upon layer of these 
loosely-connected epidermic cells ; the layers accumulate one 
upon the other, they raise the nail from its bled, and compel it to 
assume a more or less uj^right i>osition ; tlie hinder part of its 
beil, on the other hand, produces a tliick and shapeless claw, 
several inches in length, spirally twisted, and somewhat incurved 
at its edges. Both of these conditions, which are so intimately 
related, may occur together ; more usually, however, only one 
of them is present. 

§ 307. Warts may be broadly defined as hyperplastic over- 
growths of the epidermis, in which tlie papillary body shares 
more or less ; we will begin therefore with a few introductoiy 
observations on the mode of growth of the papillaxy body. It 
has already been stated that the very same oells whioh, after 
their migration from the connective tissue^ are converted into 
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epideiinic cells by contact with the unaltered entlele, arc cquullj- 
capable, before tlieir migration, of serving for the developmpnt of 
connective tissue. Tlie details of the pi-ocess are well shown in 
a fine Bcction tlirough the apex of a rnpidly-growing papilla of 
the skin (lig, 116). Tlie boundary-line between connective 
tissue and ep thel n aj pears very 1 st net at the sides of tbo 
papilla, where tie "mall lellow 1 cells of t] c reto Malpighii 
are implanteil tl e 6bro s te tu o of tl c p p Uary body, 
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A hyperplastic papiUn of tlie cntia witk Ua epithelium. JiVom 
the neighboorhood oFah epithelioma of the lip. 

described in treatises on iionnal histology. As wo 
approach the ajws of the papilla, this bonndary-line fades and 
disappears ; for on the one hand, the roiinderl cells of the con- 
noctivo tissue accumulate at the expense of the intercellular 
substance, while, on the other, the epithelial clomcnte pass by 
alow gradations from these roundc<d foriu», throngh a more 
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spiiullo-shaiied variety, till they finally amumc the shape of 
ordinary paveniont-cells. Thus the summit of the growing 
papilhi is made up of embryonic cells passing externally into 
epithelium, and intenially into connective tissue — a sort of 
*^ cambium " layer, such as exists in the stem of a plant between 
the bark and the wood. 

§ 308. The cojdion haud wart {Verntca) consists of a 
circular gi'oup of elongated papilla), with their free extremities 
sliirhtlvenlarnred and bulbous, their vessels dilated and extending 
close up to the ci>idcrmic covering. The latter, in marked 
contrast to ichthyosis, presents its normal threefold division, 
inasmuch as a thick layer of transition-cells fills up all the 
interstices between the enlarged papilla>, while the homy lamina 
invests the entire gi'oup with a common covering. At a later 
sta;i:o, when the wart attains an elevation of one line above the 
surrounding surface, the homy lamina exhibits rents and fissures 
which correspond to the interstices between the enlarged papilla, 
and which gradually penetrate to the base of the wart. Wo arc 
then able to see, without the aid of a lens, how many papilla; go 
to make up the wart. Their number varies from three to 
twenty and more ; the size of the wart varies accordingly, from 
that of a pin's-head to that of a si)lit bean. It seems, moreover, 
as though this dismemberment of the wart were the first step 
towards its spontaneous cure : the admission of air into its 
interior making the soft cells which it contains dry up together 
with the papilhr. 

From an etiological point of view it may be interesthig to 
know that the circular limit of the hyi^rplastic spot of skin 
corresponds to the area of distribution of a vessel of variable 
size. 1 can assert from personal observation that the very 
small, flat, discrete warts to which Ascherson has given the 
name of " Verrucai plana?," and which are usually met with on 
the face and hands of adults, are often grouped in a manner 
suggestive of the ramifications of a vessel. 

§ 309. The cauliflow^er excrescences or papillomata of 
the skin, the smaller varieties of which are known as " Pormm" 
or "Acrothymion," differ from ordinary warts in that thdr 
constituent papilla; are destitute of a common covering ; they are 
isolated from the first, each papilla growing in some measove 
independently. Their mode of growth resembles, upon tlM whofo. 
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that of ordinary warts ; but in addition to tlio terminal, there is 
also a lateral apposition of young eonnective tissue, a dilatation 
and elongation of the capillary loops. An arborescent stroma of 
connective tissue is thus produced, whose outlines are repeated 
on a larger scale by the epidermic stratum. 

§ 310. The smaller papillomata, such as the pon'um, arc very 
closely related, at any rate in outward form, to Uie pointed 
i'OKDYLOMATA. Thcsc too arc destitute of a common covering 
for the thickly-set, hyixjrplastic papillaa of the skin. Tliey grow 
in just the same way, save that, as Bieaiadecki has shown, a 
histological factor, which is of secondarj^ importance in the 
normal growth of epithelium, takes a more prominent pai't in 
the development of acuminated condylomata. I allude to a 
certain fission of the epithelial cells, which is exclusively obsencd 
in the middle stratum of the epidermis — where cornification has 
not yet bcgmi. Tlie effect of this secondaiy growth of cpitlic- 
lium is bai'ely appreciable in the normal development of the 
e])idermis; to it we may ascribe the ix^culiar swelling of the 
epithelial border (fig. 39, e) which occurs during the skinning- 
ovcr of gi'anulating wounds ; but it contributes most cftcctuall y 
to increase tlie thickness of the epiUielial protrusions in fjathelial 
cancer ; in the jwinteil condylomata the extreme softness of the 
epidermic covering arrests attention, and this is due to the ex- 
cessive development of the mucous layer. Tlic red and fleshy 
asjicct of the sycomata, which impart a sensation almost like 
that of nmcous membrane to the finger, is also due to the fad 
that there is no thick horny layer to mask the colour and con- 
sistenev of the vounc: and vascular connective tissue. 

Flat condylomata (^Condjjlomnta lata. Plaques i)ifnjficif;iCi<)j 
nnist l>e sharply distingm'shed, in a histological point of view, 
from the pointed variety. Tlie overgrowth of the papillary body 
is more diffuse; it is not confined to tlie tips of tlic papilhr, 
as in the papillomata just described. Tlie overgix)wtli of the 
eonnective tissue predominates over that of the epidennis. Fhit, 
rounded elevations about one line in height and from two to 
fi\c lines in breadth, are thus produced ; upon their surface 
the papilla} form secondary prominences. Tlie colour of these 
condylomata varies from a pale to a dirty red ; tlicir epithelial 
layer is exceedingly thin ; it is only in tlu5 folds between the 
adjacent prominences that a sort of cheesy epithelial substance 
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accumulates, which undergoes further chemical changes and so 
cives rise to a most offensive smell. A catarrhal secretion of 
cells often takes place from the upper surface of the growtli ; 
sometimes too, the suppurative process extends deeper into the 
connective tissue. 

§ 311. In the soft or fleshy warts {VejTuca cavnosaj 
moUis) the connective-tissue element of the growth preponderates 
to such an extent over the epithelial one, that most writers only 
refer to the epithelium because it not unfrequently presents a 
deeper pigmentation than usual of the rete Malpighii. 

Many of the soft warts are congenital and are known as 
" Mothers' marks" (Naevi matemi) ; others originate in advanced 
life, chiefly on the face and trunk. " The skin exhibits in these 
cases very gradual elevations, whose surface is usually flat, 
sometimes irregular, tuberculatcd or even warty. Tlie epidermis 
and rete Malpighii, which extend over tlie growth, are seldom 
much altered; tlio cuticular investment is sometimes thicker 
than usual; but it never attains the same thickness as in the 
hard warts. If the growth be cut into, we see the cuticle spread 
over it in a uniform, rarely undulating layer. The growth itself 
is mainly situated in the cutis. It usually implicates the true 
papillar}' body and a certain part of the dermal tissue ; in rare 
instances it involves the entire thickness of the cutis, or mav 
even penetrate into the subcutaneous areolar tissue. In even- 
ease however, it contrasts markedly with the tougher and whiter 
tissue of the cutis, inasmuch as its texture is more transparent, 
of a bright grey or yellowish hue, often reddish-grey, more soft; 
and juicy, occasionally gelatinous; not unfrequently too it is 
more coarsely vasculariscd. On investigating its structure, it is 
usually found to be verj' rich in cells , often indeed, it is all but 
entirely made up of relatively small cells with but little inter- 
cellular substance, and that little of soft consistency." 

The above description of the soft wart is borrowed fi*om 
Virchoio; he goes on to direct attention to the histological 
identity of the tissue in question with granulation — (embryonic) 
— tissue, using this as a basis on which to build his explanation 
of the intimate connexion between soft warts and cutaneous 
sarcomata {see below). 

§ 312. Let us linger a moment over the pigmented fleshy 
warts, Vvrhotc has taught us to distinguish broadly between 
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four varieties of abiioriiiiil [tigtnentution in tlic skin; thesa 

1. Simple pigmentation of the rete Malpigliii without marked 
changes in the cutis (freckles, &c.). 

2. Pigmentation of tlie cutis without ninrkod changes in the 
rete Malpighii and the epidermis, 

3. Pigmentation of the rete where it invests a colourloM 
overgrowth of the papillary body. 

4. Pignientatiou of the rete associated with a simultaneoiu 
deposit of pigment in a hyperplastic cutis. 

The three hist categories include all varieties of the pigmented 
mole ; the two last are included in the pigmented warts. Th« 
pigment is depasitcd in the form of yellow, brown, or black 
gi-anulos, partly in the cells of the rete Malpighii and connective 
tissue, partly ouUidf them, freely distributed throughout the 
connective tissue of the papillary body. It sometimes accumu- 
lates in such quantities as entirely to mask all pocuUarities of 
structure; nothing but pigment-granule.s boiiig visible. Those 
form long stria; in the substance of the cutis, accompanying the 
larger nftorcnt and efferent vessels. 

It is very unusual to find, besides the pigmentation of the 
rete Malpighii, the nuclei of the older epidermic cells of a uni- 
form black colour ; indeed the nuclei, even of pigmented ceils, 
are generally free from colouring- matter. I have observed this 
l>henomenon on one occasion only ; but I have failed to find an/ 
reference to it in books. 



y. IleUnoplastic G>-Owt/ie. 

5 313. Two of the most important hetLiroplastic growths 
which afflict the skin originate in the papillary body, or in the 
cpidomiia and papillary body together, while the remainder hare 
their seat in the corium proper. The growtlis in question are 

I ejiithelial cancer and sarcoma. 

EpiTHELtOMA of tho skin is very common ; hence we took it 
as our type of the disease, in § 164. Here therefore I will oon- 

I fine myself to the discussion of a few poinb, wliicli were passed 

' over on tliat occasion. And first a few words concerning the 
local etiology of tlio growth, 

t Epithelioma of the skin ocours t>r preference at the juuction 

k, 1 
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of the skin with a mucous membrane ; sc on the lips, prepuce, 
anus, and vulva. When it occurs elsewhere, it is usually 
secondary, ue. it is developed in parts whidi have been affected 
for years w^ith some sort of morbid growth, without hoiwerer 
exhibiting any of the characters of cancer. Among these are — 

1. Some of the above-described overgrowths of the ^idermis 
and papillary body, those more especially, which exhibit fiom the 
first a certain preponderance of the epidermic element, se. cuta- 
neous horns, hard warts, papillomata ; this gives the elaasification 
wc adopted in § 300 a very serious clinical sigmficanca 

2. Hypertrophy and dilatation of hair-sacs and sebaceous 
glands ; atheromatous cysts. 

3. Cicatrices, especially of the scalp. 

The transition to epithelial cancer, as already stated, is in- 
augurated by an advance of the epidermic boundary, and con- 
sequently of the epidermis itself, inwards, towards the connective 
tissue— an advance which gives the growth a destructive, rodent 
character. 

§ 314. The following varieties of cutaneous epithelioma are 
based partly upon the locality, partly upon striking anatomical 
peculiarities of the growth, 

a. Warty EPrrHELiOMA. One of the most interesting and 
frequent complications of the anatomical appearances described 
in § 165 ^ 8fqq. is that with papillary excrescences. The mode 
of transition from cauliflower vegetations to epithelial cancer has 
already been described (§ 148). Closely connected with thb is 
the circumstance that at the growing border of an epithelioma, 
in the zone where the sebaceous glands begin to be enlarged, 
warts, and even small cauliflower excrescences are not seldom 
found ; and in this way the boundary-line between epithelium 
and connective tissue is displaced outwards, inverting the 
order of that displacement inwards, which occurs at the same 
time. Moreover papillary excrescences are often produced 
upon and within the epithelioma itself, the epithelioma bdng 
primary and the excrescence secondary. I need hardfy say that 
in the production of these papillaB the stroma takes a leading 
part It would seem however as though the release of the 
stroma, which follows the degeneration, softening and espnlaon 
of the tap-shaped epithelial protrusions, contributed to diange 
the direction in which the development of the epithdioma takes 
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place. It is certain iuUcod, that llie capilloiues arc peculiarly 
<likted in the softened parts, and project towards the cavities 
corresponding to tlie old epttlieli&l protrusions, forming a 
number of closely aggregated loops. Tlio secondary papiilEo 
do not, as a rule, attain any great size ; on the other hand 
they are very numerous, spreading uniformly oveir the whole of 
the nlcoratod surface, or covering a great part of it iu patches, 
like sedge upon a moor. So far as I know, no cauliflower 
growth of largo size has ever been met with, upon the surface of 
a cancroid ulcer. 

fi. CiC'ATRisrNG EPITHELIOMA. This variety also is based 
upon a peculiarity in the behaviour of the stroma — and that 
after it has undergone infiltration. The skin of tho face in 
old people is occasionally the scat of a form of epitlielioma in 
which the iuRltratJon never assumes any considerable propor- 
tions ; it leaves no real ulceration in its train, but only a smooth 
scar. As its extension is exclusively horizontal, aud proccoda 
fi-om a single centre at a more or less uniform rate, it reminds 
us of a |>atcli of lichen on a tree ; hence its popular name of 
"rodent liehon" (Fresseude FIocht«). The [)oint of histological 
interest about it, to wluch also it owes its general aspect, is that 
tho residual stroma, whicli usually produces pus or papillic, is 
directly converted into a stiff cicatricial tissue, with a great 
tendency to contract ; this remains coated with a thin layer of 
epithelium. 

§ 315. Sarcoua of tlic skin cxliibits certain poculiai-ities in 
the mode of its development, which necessitate a comparison of 
it wttli cutaneous epithelioma. Not the least important of tlie 
services whicli Vircliaio has rendered to the subject uf the sar- 
comata, is his demonstration of the fact that cutaneous sai'co- 
mata very frequently originate at such points as ore predisposed 
thereto by other anatomical conditions. Among such local causes, 
tlie soft, fleshy wart occupies as prominent a place, as the 
hard wort, cauliflower excrescence, porrum, and cutaneous 
horn do with reference to epithelioma. Those hyperplastic 
conditions of tho cutaneous surfacfl therefore, iu whidi the 
connective ti.ssue predominates, always threaten to pass into 
sareomota. Foremost among these are tiie soft^ pigmented 
warts (namt jngmmtatiU) % this disastrous tendency has 
long been known. Tliey give rise, not to white, but to pig- 
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inentcd sarcomata, so that the local predisposition extends its 
influence even to a collateral circumstance like this. Tumours 
which spring from soft warts usually continue to betray their 
origin for a long period, even in their broader outlines — ^pre- 
senting themselves in the form of true " fungi/' Le. true mush- 
room-like proliferations, with a broad base and overhanging 
edges. But even in tumours of large size, their origin from 
the papillary body may soon be established by minute examina- 
tion also. Tlio cutis proper extends imaltered beneatli tlie 
tumour ; and this even where it is displaced and dragged into 
the pedicle. 

Again, scars predispose to the development of sarcomata. 
The sarcoma of scars is also known as " false keloid." By the 
tenn Keloid, AUlfett denotes a scar-like tumoiur of the skin. It 
forms oval protuberances of a red colour and tough consistency, 
often with claw-like prolongations ; its surface is smooth, and it 
is usually found in parts of the skin ivhich were previously 
healthy. The tissue may be termed sarcomatous, and the 
arborescent distribution of the growth is ascribed by Collins 
Warren (Sitzb. d. K. Akadem. d. Wissensch. Bd. Ivii., 
1868) to its localisation round the smaller arteries of the cutis. 
It is otherwise with the false keloid. This may be said 
ratlier to replace a scar than to grow out of one. Li the regular 
eoui*se of the development of a scar, the presence of round-cell 
and spindle-cell tissue is only provisional; they speedily give 
place to fibroid tissue. Now if either the one or tlie other 
element persists longer than its proper time, and if it accumu- 
lates in disproportionate amount, we get, instead of a scar, a 
tumour belonging to the sarcomatous series. Even fungous 
granulations (§ 105) may be viewed in this light ; and they form 
one extreme of a series of transitional forms, whose otlier extreme 
is represented by the most luxuriant and malignant sarcomata. 

In addition to the above, Virchow has directed attention to a 
local cause which determines the formation of many cutaneous 
sarcomata. Bepeated irritation and inflammation is one of the 
most frequent and efiicient excitants of sarcomatosis ; another 
proof that our comparison of the sarcomata with the products of 
inflammatory proliferation rests on a deeper foundation than the 
mere form of the cells ( VirchaWf Krankh. Geschwulste, Bd. ii. 
p. 246, segq.y 
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5 316. Fibromata of tho papillary body deserve especial 
notice. Tlioy differ from fibromata of otiier organs in their 
greater softness ; heiico they derive theii- namo of " MoUuscum," 
Fibroma MoUuscum {Virchow) is usually multiple, so that wo 
are able to study every stage of its developmeut in a single case 
(cf. Vii-choie, Kr. Gescbw. i., 325 and frontispiece). A small 
group of papillic, perhaps oven a single papilla (for this point is 
3till mil jtidice) furnishes the materials for a roundish nodule, 
which may pass through every gi'adation of size, from that of a 
millet-seed to that of a man's head and upwards. In its interior 
tlie various stages of growth succoetl one another aa foUo^vs: 
tho younger nodules, and tho more recent portions of the older 
ones, uonsist of round-cell and spiiidle-cell tissue, while the older 
■ones are made up of fibrous tissue. It is noteworthy that iji 
its fibrous stage, tho growth never exhibits that extreme tougli- 
ness which is charaotcriatic of old cicatrices or of the corps Jihreuji 
of the uterus. The moUnsoum always remains soft ; and this is 
4ne, as I can assort &om personal knowledge, to a peculiar modi- 
fication in the development of the connective tissue, owing to its 
being complicated with oedema. Tho connective tissue as it 
flpproaohcs maturity, does not contract from all sides towards a 
single centre, in the usual way, and so shrink together as a whole ; 
it contracts round certain lines which traverso the mass, and 
whicli coincide in the main with the course taken by the vessels. 
We meet witli this modification in Uie development of fibrous tissue 
ivherevor the islets of parenchyma undergo a metamoi-phosis 
requiring space for its completion ; so e.g. it occurs in tho 
development of clusters of fat-cells, in onchondromata, myxo- 
mata and colloid cancers. The connective tissue forming the 
stroma of these tumours represents tlie major part of tho 
original basis of embryonic tissu*?, which, aa tlie specific dif- 
ferontiation |>rogi-es5Cs, and the originally minor part under- 
goes a disproportionate increase iji hidk, becomes converted 
into a naiTow framework for the reception of tho islets of 
cartilage, granules of colloid matter, clusters of fat-cells, &c, 
Tho present case is simply oue of oedema, due probably to 
some disturbance of the circulation, and occurring in the mol- 
luscum -nodule at an early period. The fluid requires space. 
Hence even in that early stage, when tho mass consists of round- 
oells, elongated fissures make their appearance In the parenchyma 
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tons islets of the tumour (fig. 117). These fiaures, which con- 
tain the dropsical fluid, increfl9C in size ; soon we come to speak 
of hands of connectiTC tissne stretched between the veaeels ; and 
when the fibroid development is complete, the entire mass is 
n^iiesented by a network uf thick trabecola; of connectire nsene, 
whose meehes are bridged over by thinner fiucimli of fibres 
(fig. 117). It is self-evident that this stmctore most be quite as 
soft, nay, softer than ordinary gnmulation-tissiie. If therefore 
Fie. 117. 




Fibroma moUuscnm. 1. Haturc (after Virchoir) ; 2. Imniatura. 
Formation of clefts in tbc islets of parcncbyma. jJq. At 
a. tlio lumen of a Tcsael- 

tlic word *'inolluseuni" be derived fixnn "moilis" (and this 
hardly admits of doubt), no fitter name could possibly be fomid ; 
inasmneh as softness is, throughout the entire hfe of tliese 
tnnonn, their chief characteristic. 



2. DlSSASKB or IH£ COXXUU ASD 8UB0UTAH£0U$ 

Abeoias Tissus. 



( 317. Hbe position of the corium in paUiological histology 
is actually determined by the important drcumstanoe that it 
constttntsB the greatest continnons eocomulation of rasonlar 
eonneotive tiasoe in the body. A priori therefore, we aboold 
ncpect to meet, not so mnch with a Beriee of novel and peonliar 
ifipaanneea, is with a very dear, I might almost say, t^jnoal 
1 of tlw fioBtliir luatological potentialitiea of ibo inter- 
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mediate apparatus of nutritiou. Xqi' aro wc doomed to dioap- 
pointment. Witli the esception of mJliarr tuberds and 
onoliondmrna, tbcre is hardly nay product of the conjolntj 
vascular and connective -tissue sjst^m which does not attain b> i 
its fullest perfection in tho coriuin j some of these, particnlarly I 
the epeoiiit.' pi-oducta of leprosy, glaiidors, and syphilis, even j 
exhibit a marked predilection for the skiu. Lupus is exclu- 
sively conBned to the skin ; but recent observations compel lae 
to regard this as a growtli which originates in the sobaooous aud 
sudorijiarous glands, and thci'eforo to refuse it tliat place auioog 
the diseases of tlic corium to which most authorities consider It 
entitled. 

»o> InfiammatioH. 
§ 318. Tho coriuQi proper, according to a very noteworthy 
investigation by Hollttt, is built up of thick bundles of fibrea (of 
connective tissue) wliich traverse it obliquely, starting from tlie 
subcutaneous areolar tissue ; these break up as they advunoe 
towards tho surface, and interweave with neighbouring fibres to 
form a wob of extraordinary density. Moreover, the individual I 
JibrlUo; are of exceeding tooghnesa, offering an obstinate resist- 
ance to softening and liquefaction. Owing therefore to the 
cloeiencss of texture, as well as the toughness of its constituent 
fibres, tho corium proper is little suited for tlie exhibition of 
sudi processes as clalni much space In short periods of time, and 
in parUcnlar, of suppurative inflammations. When we ooiaa to 
consider those inflammations which stiut from the hair-saios — aone 
and ftiraneuli — we shall see how cumbersome an attitude is 
taken up by the corium towards each acute inflammation in 
turn. The behaviour of the subcutaneous areolar tissue is very 
dlfl'erent It aSeXi no obstacle to tlie spread of suppuration. 
The fibros of the ai-oular connective tiiisue are sofl and readily 
dissolved ; between them are meshes anti lacunar (tho " colls " 
of the "oollular" tiesue) smooth intenially, and occupied by 
fluid or cluiitcrs of iat-culls. In tlicsc meshes, around tlie failj' 
clustfii's, tlicro is oouugh space to aeconunodate three times the 
amount of flaid tvkidi is usaally preseuL Add to this thai hare^ 
betM'oen tlie muscles and the skin, an extremely iroo c 
ration between oalgblwuring parts is k^t up by Uia lym 
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and blood-vessels ; in short, every faeUity is afforded for the 
extenBion of a subcutaneous suppui*ative process. 

We must keep these facts continually before our eyes iu 
stodying the acute inflammations of the skin. They shed a flood 
of light upon the course of phlegmonous abscesses, when the 
eorium shows only too well its capacity for hindering the escape 
of the pus accumulated underneath it No important novelty is 
contributed to pathological histology by the study of this form 
of inflammation. It simply exhibits suppuration and abscess- 
formation in its most typical form — and on the largest scale- 
such as has been described already in the General Part of this 
work (§ 94, et seqq,). 

The most exquisite example we possess of chbonic inflam- 
mation affecting the skin, is afforded by the so-called Scleiih 
dennia adultarinn (not to be confused with sderenia neonatorum 
or with elepliantiasis). Ra^musseti makes an infiltration of 
the perivascular sheaths with small cells the starting-point of 
the textural alterations {Hospital- Tidend^y 1867). Extending 
farther, this leads to a more diffuse production of young con- 
nective tissue, wliich subsequently contracts and causes a 
peculiar puckering of the cutaneous surface. The skin grows 
smooth and shiny, and is very closely applied to underlying 
parts, e.ff. to the condyles of the humerus in the neighbourhood 
of the elbow-joint ; distortions and deformities arise in conse- 
quence, just as if the affected regions of the skin were cicatrices. 
We shall meet with precisely analogous conditions in the liver 
and the kidneys, where they receive the name of ciri'hosis and 
granular atrophy. 

p. Hypertrophy. 

§ 319. One of the most peculiar and interesting of all the 
diseases to which the skin is liable. Elephantiasis Arabum, must 
be regarded as a hypertrophy oiF the cerium and subcutaneous 
connective tissue. It owes its name to the striking resemblance 
between the lower extremity of a man affected with this disease, 
and that of an elephant. The skin, prodigiously thickened, 
hangs in wide baggy folds about the leg and ankle, so that the 
toes can barely be detected peeping out from under them. On 
section, we recognise the familiar structure of the cutis, only 
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B larger scale. As regards its etiologj-, 1 will only remark j 
at prescut, tiial we have many reasons for believiug it to I 
chrouic inflammation. Our ilescrijition of ec:ema mbrum o 
former page, was broken off abruptly at tlie point where it passed 
into chronic infliimmatory thickening of the cutis. Wo reBer\'ed 
this for our chapter on Elepliaiitinsis, because no anatomical 
<litterence of any moment can Iw shown to exist between those 
two forms of cutaneous hypertrophy. Moreover in those coun- 
tries where elephantiasis is endemic (the tropical and subtropical 
regions of the globe), it is a woU-known fact that the disorder 
usually begins with phenomena having all the chai'acters of 
erysipelas (see § 288). During this inflammatory stage the 
lymphatic glands, which receive their Iym[)]i immediately from 
tlie inflamed part, become swollen ; in erysipelas of the leg, tho 
inguinal glands, in that of tho ann the axjlliu-y, in that of the 
face tlic cervical glands. Tho swollen glands do not Bubside. 
Tlie lymph-paths tln-ough them remain permanently blocked. 
There ensues a stasia of the lymph ; the outflow of the super- 
fluous nutrient fluid is diecked, and this must bo regarded as 
tlie immediate cause of tho hypertrophy. 

§ 320. We will begin by giving a general sketch of the 
histology of elephantiasis, derived from recent investigations. 
Teiehmann asserts that the above-described dilatation of the 
lymphatics may be traced to their origin in Uio papillfe of the 
skin. VirchoiB adds that an irritative condition of tlie corpus- 
cular elomoiitsoftheeounectivc tissue may be shown to exist &om 
the vory first, in p.ort^ jiffectc<l with elephantiasis ; proliferation 
of nuclei and flsslparous mnlUplicatiou of cells being found 
particularly In the radicles of tlio lymphatics. Tlie smallest 
lymph-paths are richly lined witli an epithelial stratum of un- 
usual thickness. This would point to a direct connexion between 
the morbid growth and its chief causal element, tho dilatation of 
the lymphatics. 

I regret that 1 cannot speak of the first beginnings of 
elephantiasis from personal obser\'ation. I have only had the 
opjTOrtunity of subjecting its later stages to an adequate histo- 
logical analysis. Here too, tho blood-vessels and lymphatics 
play a prominent part ; but what chiefly arrests attention is the 
increased bulk ani\ simultaneous condensation of tho e.-cisting 
J>und]e» of connective tissue. How, we may inquire, is tliia 
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brouglit about 'i Tho cutis is a web of fasciculi of couuective 
tissue. In transvcriM! sections tliesc fasciculi arc divided, some 
transrerBcly, some longitudiually, otiiers at every iinagiuablc 
angle. Now if wo select a [loiiit ut which a bundle of loogitudmal 
fibres liapi>cns to abut ui)ou a bundle wbicli has been divided at 
rio-ht angles or obliquely (fig. 118), we find tliat the longitudinal 
fihiM separate to include those whicli are divided transvorsely. 




Elephant iosie. Connective-tisane bundles of the cutis seen in 
longitadinal and transverse Geclion. a. Lymphatic Bpeccn 
sniTonnding tronBTcrBelr-divided bundles; 6. Proloplasin, 
ftt whose expense the bundles inerease in length and 
thickness, lii,. 



Tlicy form a framework whose trabeculo! arc iiigcoioaslv inter- 
woven with tbe fibres of the bundle wbleh is cut across. This 
framework howe\'er is of a mnch softer and more delicate con- 
sistency than the main fibres. It refracts light leas highly, and 
is not 80 susceptible of beuig stained by carmine. Of course tlie 
transition from the one variety to the other is extremely gradnaL 
In other words, the fasciculi of oonnoctive tissoe in die skiu 
affected by elephantiasis, divide at aac^ end into a nnmber of 
finer and softer fibres, which make up a fnunewoik for the 
reception of the central portions of other bundles, wfaose poution 
in relation to the first set, is transverse or oUiqae. Bepeated 
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" i^samination failed to show any traces of embiyouic tissue. If 
I am called npoD to express an opinion as to tlio mode in which 
the cutanoons connective tissue increases in amount during tlie 
later stages of elephantiasis, I cannot deny the prohabUity that 
the elongation of tlie fibrillse is primarily due to tlie progressive 
and gradual Iiardening of the soft material at their ends. This 
view indeed rests chieflj- u]hiii the absenco of any other produc- 
tive process in the hyperplastic cutis ; it aftbrds a very plausible 
explanation, however, of the naked-eye appeanuico^ 

Tlie fibres at first grow thicker at the expense of tlio mane 
material to whieli their elongation is dnc. This seems at first 
sight paradoxical. But we must recollect that tlie soft ends of 
the fibres are at the same time the cement for the agglutination 
of such bundles as run in other directions. Why cannot tJie 
same miiterial sene for the elongation of some fibres while it 
contributes to the increase in thickness of others ? The latter 
increase however has its litm'ts. No sooner docs the fibre attain 
an average diameter of half a millimetre than it separates sharply 
from the cement romid it; a true interstice is thus produced, 
which isolates the fibre completely for a variable part of its 
extont. These int«rsUocs undoiiblodly communicate with the 
lymphatic system, and contain tliosc large quantities of clear, 
coagulnble lymph, which flow from the recently divided 
surface of tlie afl'ectod skin, Tliey attain their highest de- 
velopment at the junction of the cutis with the subcii- 
taneous connective tissue. Here too we find the Uiickest of 
tlie fibrous bundles. Higher np, in the outer portions of tlio 
cutis, the fibres arv thinner ; no vestige of interfibrillar spacer 
can be seen, nor any of dilated lymphatics, such as one might 
expect to find, iu accordance with the observations of Virdiow 
and Teichmann on tlie early stages of the process. The state of 
the capillaries is much more striking. Tlie capillary netvt-ork of 
the cutis is neither doaer nor more abundant than usual ; on tJi 
contrary, it is obviously notliing more than the old capillary net- 
work stretched over a greater aroa ; the individual vosseli 
however arc wid« md gaping ; tlieir walls ai-e intimately fused 
with the surrounding connective tissue. The lumina of tin 
vessels in the dense snbetanee of the cutis, closely resemble tlic 
channels excavated in worm-eaten wood. I am iiK'lined to 
Uiia the first stage of cavernous mebonorpboeis, rraninding thi 
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reader that Ilecker has described a case of congenital olephantiasis 
in which the tissue distinctly exhibited a cavernous stmctare. 
This condition of the vessels however, occurs in all fibromata ; and 
for the conversion of an ordinary fibroma into a cavernous 
fibroma, a peculiar process of contraction has first to take place 
along the axes of the vessels (cf. § 129). 

The elephantiastic overgrowth spreads from the cutis into the 
subcutaneous areolar tissue; first the fascia>, finally the inter- 
muscular and periosteal connective tissue, become involved. The 
more complex organs, such as muscles and nerves, which are 
included in the growth, as well as the adipose tissue, undergo 
atrophy and disappear. The periosteal growth leads to enlarge- 
ment of the bones by the apposition of new layers of osseous 
substance. Numberless exostoses cover their siuface ; affording 
ample proof of the possibility of true bone being developed, not 
from the periosteum only, but fi^om the adjacent intermuscular 
connective tissue as well. On the other hand the papillary body 
is involved in the hypertrophy. Tlie papillary body is, after all, 
only the outermost layer of the cutis. The skin in elephantiasis is 
therefore very often covered with overgrown papillae, and also 
with thorny projections, which make it look like an ox's tongoe. 
Tlie process, however, is always more widely spread in the deeper 
layers of the cutis, than in the papillary body ; the implication 
of the latter being always secondary. 

§ 321. Pachydermia lymphangieotatica, an interesting 
variety of ordinary elephantiasis, has its seat of election in the 
scrotum, penis, mous veneris, and the anterior part of the 
perinaeum. The hypcrtrophied skin is studded with innumerable 
vesicles, the largest of which is not bigger than a pea ; it is 
evident at the first glance, that these vesicles are not produced 
by detachment of the cuticle, as in tlie bullous exanthem, bot 
that they are really cavities in the uppermost layer of the cutis 
itself. For their roof is comparatively tough ; the clear fluid 
they contain, can be squeezed out of tliem, returning in 
proportion as the pressure remits. On puncturing any one 
reside, true lymph flows from the puncture, often in enormous 
quantities, while the swollen cutis and all the other vesicles 
subside contemporaneously. This shows clearly enough that 
the vesicles are in connection with the lymphatic system ; but 
the histological investigation of vertical sections through the 
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a9bcte<l Ek!ii, aiforils uililittoiial evidence that it is tlic Buperfidal, 
sub-papillary network of Ijiiipliatie vesseb, which has tmdergono 
partial ampulllfonn dilatatiou. Tlie vesicles are roofed Id by 
the epidermis togetlier witli the papillary body. As a rule, the 
detached porlloii of the papillary body contains fi-om four to six 
papilliD ; in the anialler vesicles, these arc still tolerabI_j' loug and 
slender ; in the larger ones, they assume a broader and shorter 
form ; I have never soon them stretched to such a degree as 
no longer to be recognisable. All the vesicles arc lined with 
the well-known mosaic of endothelial cells ; and this places their 
origin from dilated lymphatics bej'oud all doubt. We bave still 
to find out the special cause of the peculiar modification of the 
anatomical appearances, I feel myself obliged to look for it In 
the implication of the unstrijied muscular fibres of tlie skin in 
the hyperplastic process. Wo know that the tract of skin which 
is peculiarly liable to be alfectcd by pachydermia lymphan- 
giectatica is also very richly endowed with involuntai'y muscular 
fibres ; indocd the tunica dartos of the scrotum is an Indepondont 
muscular membrane (of. Neumami on the Distribution of the 
Fibres of Organic Slusole, In AViener Sllzb. 1868, p. 651). 
Now In the case nhieh I had an opportunity of examining, and 
which presented the anatomical features of the disease in 
their most typical form, there was a veiy distinct ovorgrowtJi 
and proliferation of unati'Ipcd muscular fibres; Ibey were 
groaped in well-marked, compact fasciculi, which permeated 
the entire thickness of the corium — radiating obHqnely from 
below upwards in all imaginable directions. The corium indeed,. 
was made up of muscular and fibrous elements in nearly equal 
proportions. Setting aside the likelihood of compression of the 
lymphatic trunks by the actual contractions of this exuberant 
muscular layer (of those trunks whicli, passing vertically 
through the cutis, serve to connect the supci-ficial ivith the 
deeper network of lymphatic vessels), and tlie consequent am- 
puUary dilatation of tlie superficial network ; it cannot be denied 
that a somewhat similar effect would needs be produced hy the 
mere elastic reaction of the muscular pai'enchyma, when this is 
developed, as in the present case, in a region singularly incap- 
able of yielding to tlio demands of new products, of whatever 
kind, for more space. Hence I am led to believe that the over- 
gro^i of the muscular fibres is to he regarded as llio chief 
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cause of the lymphangiectasis, by hindering the circalation of 
the lymph in the substance of the corium proper. 



y. Heteroplastic Growths. 

§ 322. A reference to the discussions embodied in the 
(Jcneral Part of the present treatise will allow us to be yerj 
brief in speaking of those heteroplastic growths to which the 
skin is liable. This applies more particulariy to myxomatous 
and lipomatous tumours, which originate by preference in the 
subcutaneous areolar tissue ; also to cavernous growths, to the 
sarcomata and fibroid tumours, which may occasionally be met 
with in the subcutaneous tissue. 

The various kinds of Carcinoma usually affect the skin <mly 
in a secondarj" manner ; for wo either find a cancer of deeper 
])arts, e.g. of a lymphatic gland, a muscle, or a bone, making 
its way outwards to the skin by continuity of tissue, or else a 
true metastatic do]>osit in the skin, formed during the later 
stages of carcinomatosis. In the latter case, the disease usually 
assumes the fonn of flattened tubera varying in size from a pea 
to a hazel-nut, mainly confined to the skin of the trunk. The 
name of " ivory cancer of the skin " (^Altbert)^ or ** cancer en 
cuirasse " (^Crureilhier)^ is applied to a scirrhous or colloid cancer 
of the mammary gland, when tliis extends in small but closely 
aggregated nodules over the entire skin of the front of the chest, 
converting it into a tough, white, translucent, smooth, and lus- 
trous rind, as hard as a board. 

§ 323. Tlie specific products of leprosy, of syphilis, and (sup- 
posing my own view to be wrong)* of lupus, form, in respect of 
their histology, a natural group, which, as wo have already had 
occasion to see, is distinguished by its peculiar hybrid position 
on the border-land between inflammation and tumours. The 
acme of the tissue-development, the point at which it culmi- 
nates, is the production of an embryonic tissue, which so dooely 
resembles the familiar inflammatory proliferation of connective 
tissue, that Virc/iow has actually given it the name of graaula- 
tion-tissue, and has embodied the whole in a dass of ^' graini- 
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I alio n-gi-o Wilis " (Granulationsgflwaclise). NotwiUiatamliug tliia, 
110 one would dream of simply inclading them among tbo 
producta of infiammation ; at tli© very least, tliey would bo 
called "specific" inflammatioos. Their sjiecifio character doea 
not however roaide exclusively in their etiological relations ; it is 
also liased on demonstrable anatomical peculiarities. The voi'y 
way in which the embryonic tissue is brought together deservea 
s^ieoial Qotiee. It takes the form of nodular (tuberous) deposiU 
in the connective tissue of tlie cutis. The individual nodules 
attain the size of a pea, or even tliat of a cherry or more. This 
would of itself be a phenomenon of extreme rarity iu the history 
of simple inflammatory growth ; it would rather deserve to bo 
termed "sarcomatous." Still more important is tlie waif iit 
'I'AtL'A the groiBth lingers on Oie confinea betifeen otyanisalion and 
ilecay. By slow gradations — it would seem — the embryonic 
tissue passes, either into oonnective tisene, or into pus; or 
its cells become fatty while its intercellular substance under- 
goes mucous softening. We got a scries of very eharac- 
teristjo intermediate forms, of which wo appreciate the value 
when we attempt to distinguish between tlte individual members 
■ if tlic gi*oup. 

§ 324. The syraiLmc guhu^ lias been fully described 
elsewhere. The chief anatomical criterion of its spedfic charac- 
ler was found to reside in the partial fatty degeneration of the 
granidation-tiasno, in the production of cheesy centres amid a con- 
tinuous accumulation of newly-formeil connective tissue. Tlie 
gmnmatous deposit in the skin deviates &om this typo in tlie 
greater rapidi^' of its coarse, and hi several other points also. 
Grummata of the skin are rarely single ; they arc usually 
multiple, arranged in groups wluch occupy a certain tract of the 
rutaneoua surface {Lupu» sffphUiticui). The nodules are seated 
in the parenchyma of tlie cutjs, and even when they cause no 
visible projection, tliey may be detected all the more readily by 
the finger. The peculiar hardness which characterise<« them at 
first, speedily ]paases, as a mio, uito the opposite extreme. The 
tendency of the cutaneous gumma to undergo softenuig, is well 
known. Tliis end is reached by the co-operation of suppiu-ation 
widi fatty degenei*ation ; in this case, as in many others, they 
form links in one chain, suppuration freeing die eelh from their 
organic connexion, while fatty degeneration indicate! the imme- 
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diate result of this isolation — sc. tlicir atrophy and death. Tlio 
focus of softening then gives way, and liberates its contents : a 
circumscribed loss of substance being left. Its floor and walk 
are infiltrated to the extent of a line and more with young cells ; 
this gives a dash of white to their colour, and makes them tough 
and baconv. A thin fluid containin^r a few cells and some fattv 
debris^ exudes from the raw siu-face ; the adjacent bundles of 
connective tissue are slowly dissolved, and the idcer continues to 
increase in size until its fiirther progress is arrested by vigorous 
anti-syphilitic treatment Then, and not before, a permanent 
layer of embn'onic tissue is formed upon the floor of the ulcer ; 
it is then, and not before, that the formation of a scar begins. 
Syphilitic scars have a strong tendency to contract. Causing 
tlie utmost distortion of neighbouring parts, they shrink them- 
selves to a mere nothing, so that after the lapse of a certain 
time it is often impossible to infer the previous existence of a 
syphilitic ulcer fix)m the presence of a scar. This peculiarity too, 
has not been explained as yet by the results of microscopic in- 
vestigation. A s\-philitic scar resembles all other scars both in 
its structiure and development. The blood-vessels are invariablv 
obliterated ; in injected specimens the S}i)hilitic scar looks like 
a gap in the vascular network of the skin ; whether the power- 
fiil contraction of the connective tissue may not be the cause 
of this total obliteration of the vessels, must remain an open 
question. 

So much for the development of a single syphilitic tubercle 
in the skin. Tlie growth and decay of many such aggregated 
nodules lies at the root of sj-philitic lupus. Tlie nodules are now 
small and superficial, now deeply seated and large. In the 
former case they are usually grouped concentrically round die 
point which was first affected; discoidal ulcers result which 
become annular by healing from the centre, where a cicatrix is 
fonned {Lupus si/philiticus serpiffinosus). In the latter case tlie 
ulcers grow deeper, they extend into the areolar tissue {Lujms 
sypL exulcemns). Tliere is also a hypertrophic variety of syphi- 
litic lupus, in which isolated nodules of relatively small size are 
developed in an abundant matrix of newly-fonnod connective 
tissue. 

§ 325. Thepathologicalanatomy of Leprosy was shrouded in 
darkness till a very recent period. It was in 1848 that DawidneH 



LEFttOSV. 880 

and Boeck's work on the Nonvogmn SpcdaU/ceU appeared in 
I'iiris, a work illustrated with admirable drawings. Since then 
Virchow has taken the matter in hand, and lias Hubjectod it to a 
most exhaustive treatment in his work ou Tumoui's. All the 
aSeetions obaen'cd in tllo eoureo of leprosy are based, hiatoJo- 
gically speaking, on a common foimdatlon. This is a change 
ill the connective tissue which leads, in the skin, to the 
formiitioD of the well-known leprous tubercles. After a pro- 
longed initiatory stage, during wliicli the skin is reddened ui 
patches and exliibits bossy swellings, a number of nodules are 
developed ii] tlie substance of the cutis or in the subcutaneous 
tissue ; tlicse yavy in size from a hazel-nut to a walnut ; they an* 
liard, and more or less prominent according to their situation. 
Tlioy give the skin a tuberculated aspect; occurring by pre- 
ference upon the face and hands, they lead to the most repulsive 
dofoitnities. Microscopical analysis in tlie hands of Virclme 
yielded invariably the same results. Tlie nodules consisted 
tlm)nghout of granulation-tissue, very rich in colls. This tissue 
extended from the rote Malpighii to the subcutaneous layer of 
adipose tissue ; it surroinided the bair-sa< 
causing their atrophy by disturb- 
ing their nutrition. Hence it is 
that the tubercles of leprosy, even 
when seated on tlie hairy scalp, 
are always hairless, llie accom- 
]ianying woodcut is copied from 
fig. 178 in Virdiow'a book ou 
Tumours, and shows tlic leprous 
tissue under a considerable inagni- 
fving jiower. Virehotc adds that ho 
has uowhoro ti-ace<l the progreasite 
development of a simple sjiindle- 
sliaped or stellate connective-tissue 
corpuscle through all the stages of 
nuclear and corpuscular prolifera- 
lioii so perfectly as here. The cells 
divide; they grow smaller and 
more numerous; the intercellular 

subittance is represented by very narrow bands of a material 
which is rendereil granular and cloudy by acetic acid, and whlcii 



s and sebaceous glands, 
Fio. 119. 




Tiaauo of leprous tubercle 
(after Vii-choie). Cells en 
dergoing division. 



k 



25 



I 



386 MOKBID ANATOMY OF THE SKIN. 

must tliereforc contain mucin. The ultimate result of tlieae 
dianges is the texture repixisented in fig. 119, a, which may be 
regarded as embrj'onic tissue of the most typical kind.* So far 
therefore, the leprous nodule, though distinguished firom the 
syphilitic product by its size and its occurrence in a umltiple 
form, agrees with it most absolutely in being composed of granu- 
lation-tissue. The agreement is absolute in this respect until 
retrograde metamorphosis sets in. The leprous product indeed, 
like that of syphilis, undergoes disintegration by a combined 
process of fatty degeneration and suppuration ; it differs firom it 
in the long period of its precarious quiescence. For we may 
fairly term the condition of a tissue precarious, when it contains 
a vast number of elementary parts requiring nourishment, parts 
which have taken the place of a parenchyma at once smaller in 
bulk and containing fewer cells ; and this without any adequate 
increase in the supply of nutrient material by a simultaneous 
formation of new vessels. Retrogi'ade metamorphosis or suppu- 
ration might be expected to set in at once. But neither of these 
changes seems in any hurry to begin. At last, after years have 
elapsed, the nodule becomes softer, its intercellular substance 
undergoes partial liquefaction, some of the cells are destroyed by 
fatty change ; but complete resolution can only occur if the 
growth was very limited in extent. The nodule passes into 
suppuration and ulceration only if it is exposed in an exceptional 
degree to violence and other sources of external irritation. A 
slight increase of cell-growth then converts the leprous nodule 
into i)us, which is evacuated externally, leaving a proportionate 
loss of substance behind it Tlie leprous ulcer thus produced 
continues to discharge a thin and sanious pus, which usually 
dries up into brownish crusts. 

The same specific product of morbid growth underlies the 
other disorders incidental to leprosy. Thus e.g, the cutaneous 
ansesthesia is due to the growth of nodules upon the nerves ; the 
spontaneous disarticulations of the limbs are caused on the one 
hand by the gradual extension of the infiltration to deeper parts, 



* Hansen states (Nordiskt Medicidskt Arkiv. i.,13) that in the older 
leprous tubercles, cells are found which contain, besides a nnolens, a 
brownish oily spherule, together with peculiar amorphoiiB bodies of 
large size which seem to be entirely made up of such sphemkab 
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on the other by a painless suii intra ti\e ilisorganUation of tiie 
joints which finally results in complete 9ej)ariition. 

5 32B. Glanders, coininiuiicated troui the horse to man, 
manifests itaelf also by tlie jH-odactJon of nodular deposits in the 
enbcutaneous areolar tissue. The deposits are entirely made up 
of embiyonic tiasne, and difter from the corresponding products 
of 8>-philis aiKl leprosy in a speedier rate of change, terminating 
invariably in suppuration. 



I 



Diseases of the Hair-Foxlicles and Sebaceous 
Glands. 

■I. Retention of Secretions. 
$ 327. The hair-sac, with its appended sebaceous follides, is 



of the most ingenious anatomical contri^Tinces in the bodj-. 
The whole .arrangement for tlie implantation of the hair into the 
skin, tho ingenoity with which it is provided for in tlio interior 
of tho bair-snc — all this agrees wonderfully with our notions of 
the adaptation of me.ins to ends. Bat, a^ in the case of many 
an ingenious cnntrivanoe due to human skill, the advantages are 
not without ooiTesjKiniiing drawbacks. Both are easily put out of 
order. The way in which the growing hoii- moves upwards along 
its aliMth, at whose narrowest part it is brought in contact with 
the openings of the sebaceous glnu'Is, which oil it with their 
secretion, and prote<'t it against the advorso influences witli 
which it will have to eontond upon its liberation — all this looks 
wonderfiiUy cunning and practical. Diit the very closeness of 
this contact between the hair and tlie nock of the f >]licle lias its 
dangers. It wants but little to stop up the mouth of tlie follicle 
completely. A trifling swelling of tiio siibepidermic comiective 
tissue, a slight increase in tho nunabor of epidermic cells pro- 
duced, is <]nite cnoogh to fill the small amount of vacant space 
which still exists in the nock of the sac. The excretory duct 
once plugged, the secretion cannot escape, and a whole series of 
<liaorders of tlie hair-sacs, due to retainod secretions, arc the 
result. These we will now proeood to describe. 

5 328. Pausing for a moment to consider tlie etiology of 
ntention, we tind tliat a closure of the bnir-follide by dirt £tor» 
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without, is comparatively rare. Any substance which could not 
be expelled and pushed aside by the vigorous advance of the 
growing hair, would have to be endowed with a very extra- 
ordinary degree both of penetrating power and viscosity. A far 
more important cause of retention is the over-secretion of epi- 
dermis and tumefaction of the subepidermic connective tissue 
about the mouth of the hair-sac, to which allusion has been made 
above. In one of the disorders which we shall have to consider^ 
viz. acne, both of these phenomena are simultaneously produced 
by one and the same cause, sc. a subacute inflammatory state ; 
and it seems fair to assume a like mode of causation in other 
eases which are complicated by inflammation. All these causes 
however, sink into insignificance in the face of a circumstance 
which tlirows the very question as to the mechanism and causes 
of occlusion into the remote background ; I mean the circum- 
stance that the structure of tlie hair-sac affords the most favour- 
able opportunities for an accumulation of secreted matter, without 
any previous occlusion of the efferent duct. 

The hair-sac {see fig. 109) is club-shaped in form; the 
diameter of its fundus exceeds that of its mouth ; its walls face 
partially downwards ; indeed that portion of the follicular wall 
which immediately surrounds the hair-root, may be decidedly 
said to be turned aicai/ from the surface of the skin. Hence 
the secretions from the wall of the follicle find their escape 
hindered by that wall itself. It is only the vigorous growth of 
the hair which prevents the cells shed by the epidermic lining of 
the follicle, from remaining in its interior. The hair drags 
them with it as it grows; the upward and outward direction 
of the little scales of its cuticle contributing to this result. The 
hair may be said to scour out the little recess in which it grows. 
But it is obvious that this self-cleansing apparatus is only 
adapted to cope with a very moderate ' amount of epidermic 
desquamation on the part of the follicular lining. The least 
increase of this must necessarily lead to the retention of the 
secreted matter. Accordingly the question as to what stops up 
the follicle becomes futile. We ought rather to inquire how it 
is that tlie secretions are not usually retained — considering the 
peculiar structure of the hair-sac. In my opinion, this is the 
point of view which we ought to take up, with reference to the 
etiology of retention in the hair-follicles, which is otherwise so 
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enigmatical. The starting-point of the disorder consists in 
over-aecretion from the follicular lining ; and this serves also 
to explain the occurreiice of retention. In tlie majority of 
instanees tlie ovor-secretioii in the hair-sacs is merely a part 
of a general disorder of tlie whole cutaneous surface, in which 
its pecosaes take part in their due measure. Persons whose 
skins are naturally greasy, whose hair and noils grow fast, whose 
heads are always full of scurf — young men at the time of puberly 
— are therefore specially predisposed to diseases caused by 
retention of secretions in the liair-saos. Moreover we of^n 
find them in the neighbourhood of epitheliomata and warts — 
wherever Indeed a proliferation of cuticular elements Is an 
essential feature of the anatomical alterations. 

§ 3iJ9. Granting therefore that we have to do with over- 
secretion in the interior of a hair-follicle, we next proceed to 
inquii*o wlietlior this affects the follicle in its entirety or only a 
portion of it. The former is the case in comedo. This term Is 
applied to a condition in which the entire length of the hair-sac 
is uniformly distended by an accumulation of epidermic pro- 
<luotE. Tlie skill may easily be raised from Its bed at this point. 
If we squeeze it firmly on each ^ide of the comedo, a small 
whitish plug ia driven out of the sac, which exhibits a black 
spot on its free ond, and has accordingly lieen compared to a 
living organism — a maggot — (comedo). Of course, theappear- 
aiico in question is due to the impregnation of the free end 
with dirt from without. Tf we put the plug in a drop of 
water and examine it microscopically, we find nothing beyond 
epidermic scales, which here and there exhibit an opaquely- 
dcttctl appearance due to the presence of oil-glohules. Besides 
this we find free oil -globules, iumiahed by the sebaceous glands. 
According to GuMav Sinton a very small six-legged parasite 
with a long alxlonion, the acarus foUiculorum, is more common in 
these than in normal hair-sacs. I have never seen it. Come- 
dones are usually found on the al^ and bridge of the nose, 
and on the shoulders — wherever the skin is coated mth down 
only. They do not affect the liair-follicles of the sc«lp and 
chin. 

5 330. If the over-secretion is restricted to the fundus of the 
sac, the reaulting appearances are somewhat diffei-ent. The 
epidermic masses form conceutric lamina; round a central nacleua, 





390 HOBBID ANAIOHY OF THE SKIN. 

eonsiaiiDg of a spheroidal aggr^ate of oella; an epidairmic 
globe is thuB prodaced, which differs from the ^^ iiearly nodule*^ 
of epithelioma only by its greater size. Should the globe attain 
the dimensions of a millet-seed, it communicates a yellowish- 
white tint to the overlying epidermis, and receives the name of 
MiuuM or Obutum. 

§ 331. A third variety is the Meucebis, so called from the 
honey-like character of tlie follicular contents ; this is due to a 
more abundant admixture of oily matter from the sebaceous 
glands with the epidermic products. If the nodule project 
markedly above the surface, if the distended follicle protrude 
more and more above the level of the surrounding skin, and if 
the connective tissue of the papillary body take part in the 
hyperplastic process, the Molluscum coxttagiosum results. 
Tills is a wart-like prominence as big as a ])ea, differing from 
other soft warts which resemble it, only in having its centre 
occupied by a dilated hair-sac which secretes fatty and epidermic 
products in abundance. The liyi)otliesis of an antecedent oodu- 
sion of ilie hair-follicle is least of all — be it said in passing — 
applicable to molluscum coutagiosum. Li tlie larger molluscous 
tumours, the follicular orifice is oflen found gaping to such an 
extent that the contained matters may be squeezed out with the 
utmost ease. It has been asserted that these matters are 
capable of transferring the disease to the skin of a healthy 
person. Tlie assertion rests on a very doubtful substratum of 
evidence ; it has given rise however to the questionable epithet 
^' eontagiosum/' 

§ 332. The Aobochobdon is a small cutaneous polypus, 
often with a very long pedicle. It looks as if a small, crooked^ 
bro\vn wart were hanging from the skin of the neck or trunk. 
On examining the head of this little tumour, we find in its 
interior one or two hair-follides much distended with sebum, 
&c. We may reasonably assume that this retention gave rise 
to a warty projection, which subsequently became poljrpoid* 
The length of the pedicle, which is often veiy striking, is usually 
due to accidental causes— particularly to a bad liabit of playing 
with and pulling at such tumours. 

§ 333. We oome finally to the Athxroiiatous chtbt, the 
highest degree to which the simple retention of secreted matters 
in a hair-sao is capaUe of attaining. The follide is distended 
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hy tfie aceumitlated secretions till it roaclios tlio size of a 
pigeon's egg, or even a child's fist. It Ijccomes a retention-cyst, 
in nliicli we are able to distingaisli between a secreting cyst- 
wall and secreted contents. The former ia composed of a 
connective tissue rich in cells, lined by from two to three layers 
of pavement epithelium. Its tliickiieas is in inverse proportion 
to the size of the tumour ; it may ultimately become as thin as a 
serous membrane. Nevertheless wc must always regard it as a 
In-perplastie product, inasmuch as llie sac of connective tissue 
in which it originated, is tlia thinnest of all the layers and 
sheaths of tlic hair-follicIe. This sac must therefore Iia\"e 
undergone a striking increase, both in supevficial area and in 
thickness ; and although I am far from wishing to assert that 
this increase in size is the cause of tlie over-secretion and reten- 
tion, it nevertheless seems to me a very important fact, that in 
proportion to the gradual increase in the production of epi- 
thelium, the area, not only of the epithelial layer itself, but that 
of the organ which 1 regard as the matrix of the epithelium, 
has also nndorgoiie an increase. Moreover it is clear that the 
increased production of epithelium ia at once the cause and the 
oonB»iuenc(.' of the dilatation of the follicle, the case fjJling 
luuler the category of those circles of cause and effect \i-itli 
which wc arc familiar in the pathology of physiological cysts, 
C.I/, the urinary and gall-bladders. Tlio emitonta of the cyst are 
now- friable and greasj-, now more houei-like, now a stiffly 
gelatinous, transparent and ooncentrieally laminated mass. On 
<mo occasion I came across a cyst which admirably illustrated 
the popular (icrmau name of Grul ~bcHteltfescliv:v.ht. In a thin 
flnid like the yolk of a raw egg, a number of grey, trauslncont 
granules, not nulikc boiled groats, were suspendciL AH atliero- 
malous cysts of any ai^o usually contain cholesteriii in large 
quantities, which gives the graclly mattei- a. spangled liistn.'. 
The microscope shows us that all matters resembling b<iiled 
groats or jolly, all tlie white, friable contents of the cyst, :ire 
made up of epidermic colls in a partial state of fatty degonerati"U. 
The yellow constituents arc granule-cells and oily MrU; the 
glittering scales, as has been already stated, are cholcstcriu- 
plntes. We sometimes find a certain number of fine lufiDgo- 
hairs ; these have obvionsly grown either from pro-existing <n- 
from newly-formed hair-roots. Upon the whole, the hoir i« 
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strikingly pa<sivp in all ili><»i\lor* due to retention. At first it 
;K-ts merely as a plug to einnjiKte the closure of the follicular 
i»ritice. The gr«\ater the sulfsoijuent accinnnlation of epidermic 
m:i'5ses, the more d<u's the mi«lilie part of the hair waste ; its 
::ri»wth is either whollv arre-toil. or t-nn tin ties for a wliile in a 
meaffre sort of wav. 

§ 33 1, neinre leaving tlie |>rej?ent suhjeet, some allusion 
ought to be madi* to a phenomenon, whieh is j^eculiarly frequent 
in association with atheromatous eysts, hut which also possesses 
a certain degree of general interest in reference to the pathology 
(»f the hair-sac : I refer to its pisi-lacement. 

Tlie normal hair-sac — so at least we are taught by normal 
hi^toloirv — is embedded in the substance of the true skin ; it is 
<)nly the longest and most vigorous hairs which push their roots 
into the subcutaneous adipose tissue. Tin's statement needs 
qualification. It is true that in a cross-section through the 
healthy skin, the great majority of the hair-sacs really do not 
extend beyond the limit of the cutis. No sooner however is the 
hair-sac enlarged to any con^iilerable extent, than it forces its 
way out of the cutis and becomes subcutaneous. Accordingly 
even the smaller atheromatous cysts arc all situated, not in the 
substance of the cutis, but underneath it. We observe a pre- 
cisely analogous displacement of the follicle in lupus, in hyjwr- 
trophy of the sebaceous glands, &c., so that its cause is really 
worth inquiring into. And here an old observation of my own, 
which I made during the investigation of a colossal myxoma 
(twelve pounds in weight) from the skin of the back, comes 
in very appropriately, 

Tliis tumour had originated in the subcutaneous areolar 
tissue ; the skin over it was very tightly stretched. On removing 
any part of this cutaneous investment and examining its under 
surface with a powerful lens, it became at once apparent that • 
the hair-sacs with their appended sebaceous glands were pro- 
jecting from it. Some were quite free ; others lay in shallow, 
funnel-sha])ed depressions, formed by the dissociation of the 
fasciculi of the dermal connective tissue. Tlic general im- 
pression convoyed was, that pre-existing recesses had been 
opened up from below by the stretching to which the skin was 
'^xpoBedi just as the moutlis of tlio uterine glands become funnel- 
id when the mucous lining of the organ is distended from 
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ill tluriiig pregnaiiey. This led mo to subject bita of healtlijr 
skin to a renewed examination ; and I tliea fbiind that wherever 
A hair-eac of medium or large size (I except only tlie smallest 
lanngo-hairs) was implanted in the cutis, it lay, not so mach in 
its substance, as in a sort of prolongation of the subcutaueous 
eonneetive tissue, Now should a follicle of tlus kind increase in 
sii!c from any cause, it must separate the fibrous bundles of the 
corium from one another quite as cfl'octually as dilating pressure 
from below ; the recess is opened up ; and tbo above-mentioned 
ilongation of lax connective tissue note as a gubernaculum to 
the hflir-sae in lis descent into the subcutaneous tissue.* 



pr olo 
^■bd< 



fi. Iiifinmmatmi. 



\ 335. The state of things in tLe interior of the hair-follicio, 
and especially the retention of Jta secretion, cannot continue 
without reacting on surrounding parts. We have seen tJiat in 
molhiscuni contagio&um, as welt as in atheromatous cysts, 
hyperplastic changes in the surrounding connective tissue were 
excited by t]io retained secretions, changes which ultimately 
rcs^uUed in swelling and thickening. Inflammation of the Iiair- 
Bflcs — or rather infiammatorv' processes starting from tJie Iiair-sacs 
— proves however, ihat this reaction of the environment against 
ibc morbid state of the follicle, may also assume an acute and 
heteroplastic ehamctor. 

\ 336. What is known as Acne, presents us with a seriee of 
anatomical phenomena, consisting essentially of retention of 
secreted matters on the one hand, and of a perifollicular inflam- 
mation on tlic other. Thia eruption is very connnon as an 
aci-idcntal complication of comedones and inilia. It may bo that 
tlic products resulting from decomposition of tlie stagnant con- 
tents of the follicle act as irritants upon tlie cutis. A more 
unlikely supiwsilion is that the perifollicular inflammation is 
primary; that it causes swelling of the subepithelial connective 
tissue about the neck of tlic hair-sac ; and so, by stopping np its 
mouth, brings about an accumulation of secreted matters as a 



IVori/Kt'i't bod alrtiadj pointed out (in 1864] the modo of implanta- 

or the httir.sap, and shown that it passed directlj into a fasciciilua 

of connective Lisiiic coming from the deeper lajere. (On the Structure 

Bnur-Sac in Man, &c. Sitsber. dcr Kots. Alcnd. Bd. L. April.) 
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secondary phenomenon. In every pustnle of aene, we must 
distinguish anatomically between the alterations in the central 
liair-sac, and those in the surrounding connective tissue. The 
root and root-sheath of the hair remain passive throughout, save 
that a large number of epidermic cells in a state of fatty de- 
generation collect between them. AH the more striking is the 
active part taken by the sac of connective tissue in the inflam- 
matory process. It appears to be completely converted into 
pas ; for in the matter squeezed from a ripe acne-pustule, I have 
never found any trace of it ; nothing but the hair, together with 
the pus-corpuscles and epidermic cells; and this although the 
residual loss of substance is twice or three times as large as the 
oriirinal hair-sac. Tlie vessels of tlie follicle, owino: to tlie 
liquefaction of the connective tissue in which they lie, undergo 
maceration ; the cells which line the sac appear to share in the 
inflammatory proliferation, and the walls of tlie sac to lose their 
cohesion in consequence ; for when the escape of the pus relieves 
them from compression, they nearly always give way. 

The true seat of inflammation is the surrounding connective 
tissue of the cutis ; hyperremia, plastic infilti'ation, and sup- 
puration, following one anotlier in an area extending from half a 
line to two lines from the follicle. The pus collects round the 
latter, and long before we can detect it shining through the 
cuticle, a drop of it exists in the depths of the corium, which 
may be evacuated by a puncture ((?. Siynori), It is not till a 
later period, that tlie little abscess begins to point. The moutli 
of the follicle opens verj^ gradually, the bundles of connective 
tissue which surroimd it yield very imwillingly. The pus-cells 
burrow between them and the epidennic portion of tlie hair-sac, 
and accumulate round the shaft of the hair, pushing the epi- 
dermis before them. Finally, the process culminates in the 
speedy rise of a somewhat abrupt, straw-yellow pustule. If the 
pustule be punctured and kept from drying up, it gradually 
empties itself of its own accord. As a rule, a firm pinch expek 
both the pus and the follicle which contains it. The proliferative 
activity in the skin rapidly subsides thereupon ; the bundles of 
connective tissue come together again, and the little hollow 
which was formerly occupied by the follicle is filled up with a 
unall quantity of cicatricial tissue. 

Sycx)SIB is merely a variety of acne. While the latter is 
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chieSy c<Mifiiied to ttioso regions of tbo skin which ai-o coated 
with down only, the foi'uier nttacks the hairj scitip, the beard, 
the eyebrows, &c. No previous retention of secreted matter iii 
the aifected follicles can be sbown to occui-. A't>£>rin* tinda the 
Boaroe of irritation in u vegetable jKirasite wliich invades the 
htur-tbllicle ; I agree with //r/'ni in believing that this paras! to 
is very seldom to be found. 

§ 337. The assumption that fubuncular isflammatios in- 
variably stai-td from H haii-folliolc, is certainly not universally 
received ; every one must admit tho occasional possibiliC)' of 
such an origin ; and if it be an accident, it is undonbtedly a very 
singular one, that I mj'sclf should never liave been fortunate 
enough to meet with any other mode of origin. Considering 
how common furiincnli are, it is clearly easy to get any quantity 
of the so-called "cores" for examination. These, however, do 
not suftice to decide the vexed question as to the origin of the 
inflammatory process. For this pnrjjosc it is necessary to have 
recent specimens with the whole of the neighbouring skin for 
examination ; and tliese are not readily to he had. Whenovor 
I had an opportonity of examining such materials, I invariably 
found, in the focus of inflammation, ono of those ftmnel-£h^>eil 
protmsioQS of the gubcataneoos connective tissue into the cutis, 
which sen'e, as has aheady been »hown, for the reception of 
bair-sac8 (§ 334). Banteleiiene account is verj- similar {Bar- 
deldwn, Lehrbuch der C'himrgie, vol. ii. p. 17). 

FurunouH difler from acuo and sycosis hi tho extent of the 
inilammatiou ; this is not confined to the substance of the cutis, 
but, tliough reaching its innximmn intensity in that structure, 
spa'eads at tlie same time Into tlie subcutaneous connective tissue. 
Once upon this vor^- irritable soil, tlie inflammation rapidly 
^rteads over disproportionately large areas. Tlie hvpei'xmia, 
together with a vigorous lymphatic saturation, snflico of them- 
selves to cause tlio nodular swolling (perhaps as large as a 
pigeon's egg), which can bo felt through the tense and diHusely 
reddened skin. 

In marked contrast to the wide extent of these preliminary 
stAges, the infiammator}' proliferation is really confined witliin 
narrow limits. It extends but a little way fi-om tho circumfeii'nco uf 
the above-mentione<i protrufiion of subcutaiieons cuimoctive tiasuo 
into the substance of tlui cuti^. Witliin this ai'ea, however, tho 
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plastic infiltratiou assumes such proportions, the accamulation of 
pus-cells is so dense, that tlie blood-vessels undergo compression. 
In one variety of tlie furunculus, the Anthuax, this goes so far 
as actually to cause the death of the infiltrated part, which grows 
as black and dry as boot-leatlier ; in ordinary furunculi the 
process does not go beyond simple necrobiosis ; many of the cells 
show signs of fatty degeneration. In either case, however, the 
infiltrated part is gradually cut oflF from the surrounding con- 
nective tissue by a process of suppurative demarcation, and 
expelled fi'om the skin — a termination usually hastened by opera- 
tive interference. It constitutes the familiar "core" which, 
when teazed out under the microscope, exhibits nothing beyond 
disintegrating cells and a few fibres of connective tissue amid a 
mass of debris. After the expulsion of the core the sinuons 
ulcer which remains, heals by the second intention, leaving a 
stellate scar. 



y. Hypertrophy, 

§ 338. Active enlargements of the hair-follicles, due to morbid 
growth, must be distinguished from their passive enlai*gemeni, 
due to retained secretions. Next, they must themselves be 
divided into true and false hypertrophies ; the former retaining 
the original anatomical and physiological character of the parts ; 
while in the latter, the increase in size is associated with some 
specific modification of structure which arrests their normal 
ftmctional activity. Tlie hair-sacs and their appended glands 
thus become foreign to the organism ; they pass into the category 
of heteroplastic tumours. The consideration of these *^ false " 
hypertrophies will therefore be deferred for the present. 

§ 339. A true " overgrowth of hair " can only be said to 
exist in hairy moles, the so-called "mice" (ncevus spilus). 
These brown, hemispherical or flattened elevations of the skin, 
sometimes of considerable size, would seem to ofifer pecuhar 
facilities for the most luxuriant growth of hair. Not only are 
the individual hairs very stout, but, if we happen to possess a 
mole of our own, we notice that its hairs are shed and renewed 
much oflener than those of the head and beard. If we make a 
vertical section through one of these naevi, we find at least one- 
fourth of the hair-follicles, which are very thickly set, famished 
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with a little accessory sao occupied by a now hair in a more or 
leaa advanced stage of development ; we find the appearancos 
which KoUikei- has figured in his Handbook (figs. 79 and 80). I 
cannot but seek tlie essential feature of tlic nffciis spilun in this 
overgrowth of hair. The Bobslceous glands are in nowise implicated. 
5 340. Once, and once only have I met with a true ovkr- 
QBOWTH OF TOE SEBACEOUS OLANPR, and I qucstioii whether 
the growth described by Forxler under the name of " glandular 
tumour" of the sebaceous follicles is a true hypertrophy at all, 
since it exhibits a certain rodent tendency which is only asso- 
ciated with the false hypertrophies, with lupus and cancroid. 
The tumour which I examined was sent mo by Professor Wernlier 
of Giessen ; it was as big as a pigeon's egg, and attached by a 
broad baso to tlie hairy scalp ; it was freely moveable. The skin 
over it was pitted ; the holes could be seen with the naked eye ; 
they wero the mouths of hypertrophied sebaceous follicles; no 
hairs were present. 

Sections of tho tumour forcibly i-eminded me of similar sec- 
tions from a normal mammary gland. Amid the thick trabeculfc 
of a very tough stroma, there lay acini consisting of from three 
to five terminal follicles with a common efferent duct; among 
these were scattered wider duets, cut across transversely and 
obliquely. Each acinus contained very small, round, epithelial 
cells ; the ducts were filled with solid and liquid fatty matter. 
The gro^vth as a whole was of a homologous character ; it was 
nothing more than an overgrowth of the normal typo of a seba- 
ceous gland, similar to that which is nonnally carried out in the 
mammary gland. 

5 341. This is the place to say a few words about a true 

nrPKBTROPHY OF THE SDDORIPAROUS GLANDS, by way of ap]JCndix 

to the present section ; for I do not intend to tlevoto a separate 
chapter to these structure;*. Tho false hypertrophies of the 
sweat-glands, like those of tho sebaceous follicles, fall under the 
head either of epithelioma or of lupus. True hypertrophy of tho 
sudoriparous glands gives rise to a flat, fungoid elevation of the 
skin, whioh, smooth and hairless, is not unlike a soft wart. On 
cutting into it however, we see at once that neither the papillary 
body, nor any other part of the cutis, is involved. The sweat- 
glands, as everybody knows, lie at tho junction of the skin with 
the subcutaneous connective tissue ; it is here therefore that the 
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main body of the tumour is really situated ; it oonsista of a pad 
of sweat-glandsy from three to four lines in thickness, and of 
corresponding width. Each single gland may attain to the 
diameter of one line ; the adipose tissue seems to be partly 
pushed aside, while the bands of connective tissue between the 
individual glands are thickened. 

Tlie occurrence of small cysts, full of clear mucus, most be 
regarded as a sign of retrograde metamorphosis. They originate 
in tlie total liquefaction of single glands, and occupy exactly 
the same space. 

S. Heteroplastic Tumours, — Lupus. 

§ 342. The undoubted participation of the hair-sacs and 
sebaceous glands in the genesis of epithelial cancer was satisfSie- 
torily proved in § 166. The hair-sacs and sebaceous glands 
were shown to boliave just like all other protrusions of the epi- 
dermis into the f'utis; like the sudoriparous glands, and the 
downward proceSfev.'< of the rote Malpighi! which occupy the 
inteii>apillai'y furrowjs. There exists, however, a true adenoma 
of the sebaceous and sudoriparous glands, a tumour which, in 
common with nil adenomata, is closely related to epithelial can- 
cer, but which differs from it, like all other adenomata, partly 
in its structure, partly by its more local and ametastatic cha- 
racter : I refer to Lupus. 

§ 343. If my views of lupoid growth should seem to be 
more in accordance with the older tlian with the more recent 
observations on the subject, this is probably due to tlie great 
reluctance of recent authors to see anything peculiar in lupus, 
any departure from the common type of inflammatory growth. 
In reality the lupoid tubercles are so characteristic, not only in 
their mode of origin, but in their structure also, that I readily 
pledge myself to recognise lupus, quite as certainly as cancer, by 
microscopic analysis alone. It is true that the cells of the lupoid 
tubercle are, on the whole, of small size and round, that they are 
closely packed, and held togetlier by a mucoid cement ; so that 
if it were desired to find a name for the tissue of which they 
consist, tliat of embryonic tissue might well be chosen as ibe 
fittest. But ought we on that account to neglect the manifidd 
variety of internal structure, and the very singular mode of 
origin, of this embxyonic tisiuo? 



LUPUS, 

pPirst, as to struulurc, E%*ory lupoid tubei'cle, whether it he 
lated in the cutis or in tliu subcutaneous c(HiTiectiro tissue, 
prcfients a wclt-^narked aoinons composition. This is easily 
proved hy cxHiuiiiiiip sections of a piece of skin iuiiitrnted with 
lupus, a&ar it has been bardenod in alcohol, steeped for eighteen 
hours in a atroug solution of eai'niine, and finally cleared U]> with 
appropriate agents, among nhicli Canada balsam is the best. In 
the smaller tubercles we distinguish from two to throe, in the 
larger ones — thoae about the size of a hemp-seed — from seven 
to ten roundl3'-oval, tortuous bodies, everywhere studded with 
roundish projections: these bodies are bulbous at one end, 
tapering off at the otlier to converge towards a common centre 
(fig, 120, a). These bodies are made up of cells of considerable 
size, whose protoplasm has resist^^l tlie carmine, and wliicii 
accordingly appear white, in marked contrast to the remaining 
parenchyma of the nodule in which they arc embedded. This 
" nl parenchyma (fig. 120, !•) consists entirely of trne em- 
Frc. 120. 




Verticui section, Rhowiug the passage of the heaitb/ 
Q into that which is most inbltraCel. a AjCibous nodules: 
6. Embrjonic tisBiic of the lupua nodule ' Alttrod hftii^ 
sacs and HebaceoiiB glands to 



^'ofyonic tissae ; tlie cells are small, iwrioctlv ronnd, lustrous and 
readily tinted hy carmine. Here too the vessels of the li]|>oid 
n(*dule, as dcsoribod by some authora, ramity tliey form a net- 
work round the bulbous ends referred to abo^■e, towanls which 
I they stand in the aauic relation as that taken up by ttie ves-selH 
I towards the terminal follicles of an acinous gland, thus confirm- 
' ing my »icw of the acinous structure of the lujioid nodule. 

5 344, W'e liavc next to ascertain the caune of these highly 
characteristic appeuraacet^ ; tlio notion that thi> ociuous oom]xwi- 
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tioii of the nodule iiiav be due to the do;^eiier;itioii uf some 
prc-oxisting structure of the same sort — such as tliat of the 
sebaceous glands — suggests itself spontaneously. Now if we 
make vertical sections through the advancing border of the 
lupus, sections which include both healthy skin and that which 
is completely diseased, we see at a glance, that the sebaceous 
glands do really take a very imi)ortant part in the dise«ise. 
It has long been known that at the extreme i>eriphery of 
the aftl»cted region they swell up and shine through the cuticle 
as white nodules. This swelling is due, partly to a i)roliferation 
of the glandular elements, partly to the fact, that instead of 
undergoing fatty degeneration, the cells grow large and vesi- 
cular, distending the body of the gland even to five times its 
normal bulk. The root-sheath of the hair also takes part in this 
degenerative change by producing, instead of the usual flattened 
epidermic cells, large vesicular corpuscles like those produced 
by the sebaceous gland. This ])roductivc activity, however, is 
not as a rule exhibited by the entire root-sheath in the same 
degree ; it is now confined to the fundus, now it involves the 
fundus together with one or more points above it; this very 
soon gives the hair-sac proper a varicose and knotty aspect. The 
hair perishes. Glands can no longer be distinguished from hair- 
sacs ; they are all exactly alike. Yet up to this i)oint tlie con- 
dition is in no sense peculiar to lupus ; since the metaplastic 
enlargement of the cells is also found in the neighbourhood of 
leprous, syphilitic, and especially epitheliomatous diseases of the 
skin. The characteristic jjart of the disorder is that which imme- 
diately ensues. 

§ 345. Lupus has been held on various grounds to be a pro- 
liferation of the corpuscular elements of the rete Hilalpighii 
{Brrffej'y Dissertatio inaugur. Greifswald ; and Polily r7n7io?rV 
Archiv, Bil, vi.). I may be said to agree with this view in one 
sense, inasmuch as I too seek to localise the i)roliferation at the 
junction of the epithelial and connective-tissue layers ; but I do 
not limit it to the rote Malpighii, w<\ to the boundary-line between 
connectivo tissue and ci)idermis in its stricter sense ; on the con- 
trary, I regard it as concentrated in the glandular inflexions of 
the epidermis. The process begins as a luxm*iant corpuscular 
proliferation in the interstitial and capsular connective tissue of 
ihe sobaceous and sudoriparous glands. This proliferation extends 
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variable distance into the siirroiuKliiig pai-ts; its progres* 
'ay be admirably watched in the adipose tissue which invest^ 
the deeper Bweat-glands ; little round oorpnscles make their 
appearance between adjacent fat-cellsj which thcj' engirdle, before 
entirely covering and masking them from riew. On the other 
hand, the cell-growth often extenda deep into the subcutaneous 
connective tissue along tlie afferent vessels ; in the interior of 
the gland itself, the mass of newly-devclope<l embryonic tissue 
also exhibits a dendritic arrangement, the paront-trnnk coinciding 
with the point of entrance of the afferent vessel. 

In proportion to tins exuberant cell-growth at the ]>eri- 
phery of the glandular tubes and acini, the latter themselves 
increase in bulk; their shape is alterctl, they become knotty and 
bulbous, 08 described abo\-e ; their cavities are obliterated, and 
only their general arrangement can be traced ; the parenchyma 
l>eing gronpcil round a central point which corresponds to the 
fiferent duct. The cells of which tlie degenerated acini consist, 
are not the same large, vesicular elements, which took up so mnch 
space during the stage of primary cnlai'gement. Their size is 
only about double that of the embryonic colls ; they arc con- 
centrically aggregated into little groups; we notice indications, 
as it were, of a tendency towards a higher degree of epithelial 
development ; but the colls never get beyond the stage of those 
which make np the reto Malpighii, 

§ 346. It may be objected that lujKiid nodules arc not alwaj-s 
superficial, that they are often met with deep in the subcutaneous 
connective tissue. To this objection I rejoin, that the sweat- 
glands, in particular, may even nornnally lie very deep, and that as 
they increase in size, they are necessarily dislocated in a down- 
ward direction, just as happens in the case of atheromatous c\'8ts. 
Finally, I must not omit to state that the development of 
gran Illation -tissue, in what is known as the hypertrophic variety 
of Inpus, extends far beyond the limits of the glands, and that this 
granulation-tissue is capable of being converted into mature 
connective tissue, forming indurations like those in elephantiasis. 
But the lupoid nodule proper is always an adenoma of a sebaceous 
or sudonparous gland. 

The ftirther destiny of the lupoid products is usually this : 
the parenchyma proper undergoes fatty degeneration while the 
iutcnncdiate granulation-tissue is converted into pus. The little 
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abscesses thus fonned| burst, and discharge tlieir oontents. 
Tomoors and cicatrices follow tbc same law as in leprofty and 
syphilisw 

€. Atrophy. 

§ 347. The falling-off of the hair of the head in old ua^ is 
doe to a total involution of its place of origin, ue. of the hair- 
sacs and the roots of the hair. The former are dilated and 
shortened, the latter grow smaller, and either disappear or are 
only capable of producing and nourishing a lanugo. 

Pbemati'RE baldness is invariably connected with a dis- 
ordered relation between the production of epidermic cells firam 
the hair-sac on the one hand, and fix>m the hair-root on the 
other. If cells are formed in excessive numbers by the lining of 
the sac, tlio lateral pressure to which the hair is exposed in the 
interior of the follicle, interferes with the nutrition of the shaft, 
and causes it to wither and become spontaneously detached finom 
its root This occurs in the ^^dcfluvium capillorum" which is 
met with in the course of constitutional syphilis, or after acute 
diseases, such as tN-phus abdominalis. 

Tlio second and far rarer case is when the productive activity 
of the root sinks below its normal standard. The hair-fiJlide is 
in nowise altered, but the normal degree of lateral pnasare 
exerted uik>ii the shaft by the narrowest part of tlie follicle (just 
below the point at which the sebaceous glands open into it) 
is too great to be overcome by the diminished upward atcaui 
of the growing hair. Tlie latter is accordingly arrested at 
this point ; its cells midergo a finely-granular metamorphosis, 
preliminary to a solution of continuity which is effected by the 
least traction upon the shaft from without (as in oombing the 
hair). The remaining stump is very soft ; it becomes swollen 
and knott}', owing to the fact that the materials ftnmished by the 
root, tlioiigli inadequate for the construction of a normal hair, 
yet form, in course of time, a shapeless corpuscular aggr^ate of 
ronsiJorable size. (Alopecia ntratn. Area CeUi) 
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§ 348. From the moutb to the anus, there extends a system 
of merabranoTis canals, which, owing to their free surface being I 
always moist, and coated with a thin layer of mucus, have re- , 
ceived the name of the Mcrcons System. Tlie menibranons wait* I 
of tlicae canals ai*c in direct continuity with the skin ; hkc the J 
skin, they serve to shut off the organism from its environment— 
the I from tlie not-I ; this must always be kept in view ; we must J 
bear in mind, fur instance, that whatever a man may have taken I 
into hia atoinaeb, is still only at the gates of the organism, not ( 
in its interior, Not only is the skin continuous in a general 1 
way with the mucous tract at tho oral, nasal, ocular and aural I 
apertures, at the anal, urethral and va^nal orifices, but each ] 
individual layer of the skin may be traced into a eorresiKinding J 
layer of the mucous membrane ; the epidermis into the epithe- i 
Hum, tho cutis into the mucosa proper, the subcutaneous into 
the sub-mucous tissue." Moreover each layer retains its general > 
• haractor ; tlie epithelium continues to serve as a protectivo 
covering wliich shuts off tho organism against the world witJiout, 
die mucosa represents tho proper connective tissue of the mncous 
membrane, tlie submucous is a lax areolar tissue which facili- 
tates the movements of the mucosa ujjon the muscular coat. 
But within these limits of homology', both the structure and (ho 
functions of each layer are modified in aeconlance with the 
phi-siological duties of the various di\'isions of the niucons tract 

First, as regards tho epithelium. At all the mucous orifices 
ihe homy lamina of the epidermis disappears, so that the atrial 

• The fottrth layer of the mocons Iraci — the muscular cost — doM 
not form any part of tho mucoua membrane proper; it corresponds to 
the locomotive apparatus of tho body in its entire^, to the osseons 
;'.n<1 Tnuacuhtr systomi ; the fifth layer consists in oither ease of serous 
mombrano, Torming on the one lund the viaceral, on the other, the 
parieul lamina of the samo serous sac 
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diaiubers of tho mucous tract (the buccal cavity, pliarjiix and 
oesophagus, conjunctiva, vulva, preputial sac, bladder and ureters) 
are lined only by the mucous layer of the cuticle, the so-called 
laminated payement-epithelium. This laminated pavement- 
epithelium consists, like the rote Malpighii, of a single layer of 
small, columnar cells, and a stratum of variable depth of larger 
pavement cells, which grow flatter as they approach the free 
surface, where they are finally shed. 

As regards the meaning of this diminution in thickness of 
the epithelial layer in the vestibular portions of the vegetative 
tract, there cannot be two opinions. It is the first step towards an 
increased facility of osmotic interchange between the fluids and 
gases contained in the cavity, and those contained in the blood. 
Wlierever such interchange is more active, wherever absorption 
or secretion are going on, wherever it lies at the root of the 
general nutrition of the organism, the pavement cells disappear 
entirely,, and the columnar cells alone remain. Thus the ali- 
mentary canal from the cardia to the anus, the respirator}' 
passages, the female generative organs from the external os 
inwards, are Ihied with columnar epithelium. Its cells are 
larger than the columnar elements of the rete ; they exhibit 
manifold varieties of external form, in accordance with the 
functional necessities of particular regions ; inasmuch, however, 
as they are planted immediately upon the connective tissue, and 
as between their bases only a few reserve cells, to replace those 
which are shed, are here and there apparent — cells which might 
certainly be demonstrated in the rete Malpighii also — I cannot 
see any objection to their being viewed as the anatomical equi- 
valent of the columnar cells of the rete, notwithstanding any 
modifications of size and form which they may present. 

Like the epithelium, the proper substance of the mucous 
membrane undergoes adaptation to the special functions of die 
individual portions of the tract In parts devoted merely to the 
transmission and storage of their contents — ^in the oesophagus, 
biliary and urinary passages, vagma, &c., we find an equable 
layer of tough fibrillse of connective tissue, terminating in a 
smooth and even surface underneath the epithelium, w*hile ou 
the other side it is uninterruptedly continuous with the bundles 
of the lax submucous connective tissue. Its texture is ven* 
difierent where the tract is devoted to absorption or secretion. 
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Here the mucosa lodges tiic moat im|>orUiit glaiidulai* organs, 
while it8 surface and its coiiipoiicnt tissues are modified in 
accordance with the funotions which it liafi to jiorform : e.ff. 
for pu-posos of absoq^tiou it is important that as wide an area as 
jwsaible should Ijo brought in eoutaet with tlie chyme ; we find 
this requirement met by the villi with which tlie alimentary 
mucous membrane is beset from tlie duodenum downwards, each 
villus containing a lymphatic radicle in its axis ; and in ordei' 
flttll more to facilitate absoi'ption, we find the layer of connective 
tissue which intervcucs botwoon the vessels and the epithehum, 
{•resenting in a veiy high degree the properties of lymphadenoid 
tissue, witli whose stmetui-o wo first became acquainted in the 
lymphatic glands. Tlio absorbent appai'atus includes moreover 
the numerous follicular (oouglobato, Iknh) glands ; the solitary 
glands, the patches of Pe^er, the tonsils, and the saccular glar " 
at the root of the tongue. Tliese may be said to form the first 
stage on the i-oad, which the matters to Ijo absorbed by the 
lymphatic system ha\c to travei-sc. Should these matters 
happen to lie pathological initants, theii- path is marked by 
hyperaimia, inflammation and morbid growth ; hence it ia, that 
in so many of the general disorders of the entire alimentary 
tract, wo find these follicular structures peculiarly involved. 

Of the secreting glands, it is only tlie smaller ones, the 
simple tubular glands, whioh arc situated in tlic thickness of the . 
mucous membrane, while those of larger size, tlie folliciJar ' 
mucous glands, ai'e mainly embedded in the submucous tissue. 
Nevertheless, some mucous membranes are inordinately rich in 
glandular structures; e.g. the gastric mucous membrane has 
fivo-sixtlis of it* bulk made up of gland-substance. 

About the submucous tissue there is not much to be said ; 
we shall find it a peculiarly favourable locality for tlie develop- 
ment and spi-ead of morbid growths, when tlieso come to bo 
discussed. 
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1. CaCairiial Iti^<imiiuUion. — Catarrh, 

§ 349. The larger half of all the diseases to which humanity 
lable, consists of eatarrlia) aAections of mucous membranes, 
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or oi disorders oomplicated by them. The term ^^ catarrh '* hy» 
stress on only one, though certainly the most prominent phe- 
nomenon of the disease, sc. the increased secretion from the 
mucons surface. We must bear in mind, however, that the 
increased seeretion can never occur without a simxdtaneons 
hypenemia of the mucous membrane, and that this faypersemia 
is the proximate cause of the increased secretion, and the more 
or less remote cause of farmer troubles, of swelling, haemor- 
rhage, pigmentation, hypertrophy, &c, all of which must be 
included in any complete view of the morbid anatomy of mucoos 
catarrh. 

Htpbrjbmul must accordingly be regarded as the anatomi- 
cal basis of eatarrL It may either be active or passive. In the 
former event, it is the primary result of some antecedent irrita- 
tion ; in the latter, it lasts for a long time before catanhal 
inflammation is set up — it acts as a predisposing cause ; (I am 
thinking of the bronchial catarrh of heart disease, of the gastro- 
intestinal catarrh associated with portal obstruction, of the 
catarrhal affections of the rectum and bladder due to piles). 
Whether we are justified in assuming that the catarrh i& 
actually excited in these cases by some special exacerbation of 
tiie existing hyperssmia, or even by some modification in it» 
passive character, I cannot take it upon me to decide. To my 
mind, it appears more profitable to inquire how far, and in what 
. localities, the normal structure of the mucous tract favours the 
origin or the continuance of hypersdmia. And first, we must 
recollect that owing to the tenuity and permeability of the epi- 
thelial stratum, the access of external irritants to the irriti^ 
elements of the mucous membrane is far easier than in the skin ; 
moreover, that tiiere is no elastic covering, like the homy lamina 
of the cuticle, to check the tnrgescence of the capillaries ; nay, 
tlie softness of the parench3ana sets no limit to their disten* 
sion. The relations in which the contractions of the muscular 
coat of the bowel stand towards the distribution of blood in the 
mucous coat, are of peculiar interest. The small arteries and 
veins, which carry the blood to and from the capillary networks 
of the gastro-intestinal mucous membrane, penetrate, as is well 
known, obliquely through the muscular coat. Here they receive 
a sheath of loose connective tissue, which, in the case of the 
arteries, is tolerably wide, so that a considerable space ir 
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between the \ esael and the muscular fascitiali ; in tlie case of the 
veins, on tho other hand, it is exceedingly slight; these are 
accordingij- Uable to be compreeeed, whenever tho muscular 
coat contracts. Honce every such contraction must hinder the 
efflux of blood fi-om the alimentarj' mucous membrane ; its 
vessels arc congested, tho congestion lasting as long as the 
contraction, and being liable to assame a more chronic character 
if the conti-actions are often repeated. The bearings of this 
arrangement upon the digestive process are very obvious. The 
peristaltic contractions, besides pusliing on the contenta of the 
bowel, help both secration and absorption by exciting and keep- 
ing up a Lypenemic state of the mucous mombrano ; thoy aid 
secretion, by supplying the open glands with raw material In 
greater abundance ; thoy help absorption, by causuig that injec- 
tion of the capilhrles of the villi, which, aceordijig to KdUilixr, 
co-operates so weightily towards the filling of tho axial l;)'mphatic 
space. Meanwhile, we must remember that every phyaialogical 
hj-pcrEemia la a gift of the Danai to the organ which is liable to 
it ; since tho least derangement of the machinciy converts its 
benefits into curses. So in the present case. Xo mucous mem- 
brane cxliibits cataiThal disturbances of circulation In so intense 
a degree as that of tlie stomach and intestines ; for the irritant 
which aftects the mncotis membrane excites peristaltic contrac- 
tion quite as promptly, and far more powcrfullj-, tlian the food. 
Dyeeatery and cholera afibrd colossal examples of the harm 
which may accrue in this way ; the intense oedema of the mucous 
metnbnmo of the large intestine in tlie former disease, the 
luemorrhagos, even tlie diphtheritic lesions, are partly due to the 
violent tonic spasm of the muscular coat ; and if wc go on to 
assume that in chulera, an excess of peristaltic activity contri- 
butes in some measure towards the copious flux from the gastro- 
intestinal sorfece, we shall have got at a causal nosiis between 
two of its jnost familiar sjmptoms. But we need not go so far 
afield in search of illustrations ; the phenomenon exhibited on so 
gt^at a scale by cholera and dysentery, Is rci^ated on a small 
one in every catarrh, however trifling. Wo shall come across it 
again when wo discuss the pathologj- of luemorrhage from 
mucous surfaces, and that of gastric ulcer (perforating ulcer of 
the stomach)- , ... 

It is onir tlie vesical ai'^ utoritie mucous membranes which 
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are subject to similar conditions. Menstruation is associated 
\Yith clonic contractions of the muscular coat of the uterus. 

Some mucous membranes, however, are not well adapted for 
the occurrence of hjrpersemia. Tlie more abundantly a mucous 
membrane is provided with elastic fibres, the more does it resist 
distension by congestion and oedema; indeed the tendency of 
the membrane to return to its normal volume, increases in pro- 
portion to the stretching which it undergoes ; this is a necessary 
result of its elasticity. Many of the phenomena exhibited by 
the respiratory mucous membrane, which is peculiarly rich in 
elastic fibres, must be ascribed to this cause. Sudden and great 
swelling only occurs in parts furnished with a very lax sub- 
mucous areolar tissue, in the folds about the laryngeal orifice, 
]>articularly the ary-epiglottidean ligaments, and certain portions 
of the mucous lining of the nasal cavities. The swelling in such 
eases however, is not situated in the mucosa ; it is due to oedema 
of the submucous connective tissue. It disappears very rapidly 
as soon as the elastic reaction of the stretched membrane pre- 
^ ails over the tension of the dropsical effusion kept up by the 
blood-pressure; especially after death, when it is often qmte 
impossible to demonstrate the existence of an oedema, which 
manifested itself most unequivocally during life, and which may 
even have been the cause of death (oedema glottidis). 

§ 350. It is obvious that the swelling of the catarrhal 
mucous membrane, the second anatomical element in this 
variety of inflammation, depends, at least in some degree, upon 
the hypersemia ; i.e. so far as it is due to over-distension of the 
vessels, and the abundant saturation of the mucous membrane 
with serum. The latter element is veiy prominent in all forms 
of catarrh due to passive congestion ; it is recognised by the 
bacony lustre of the swollen membrane, and by the flow of clear 
serum fix)m its cut surface. The swelling is much greater when 
the submucous tissue also is involved ; this is most conmion in 
the caecum. 

For the pathological histologist, these passive forms of swell- 
ing are less interesting than the active varieties; {.e. the enlarge- 
ments of the LYMPHATIC FOLLICLES due to corpuscular prolifera- 
tion in their interior. Owing doubtless to the intimate oonnezion 
of these glands with the process of absorption, wa find iHitirrh et 
a mucous surface almost always associated r Im 
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^^teiisNe imijlicatioii of tliosc lyiiiplmtic structures wliiuli ai-e 
traversed by the Ijinph rotuniiiig from tlio affected membrane. 
The first to become involved arc tlie follicles embedded in the 
stibatauce of the mucous membi'aiie; tlic l^nuphattc glands proper, 
which lie outaide the mucous tract, eoine ue.vt, and that in the 
following order ; in catarrh of tlio nasal, phai-yngeal and buccal 
cavities, the glands of tlie neck ; in catarrh of the respiratory 
tract, the glands about the root of the lungs and tlie bifurcation 
■if the trachea ; in catarrh of the digestive tract, tho mesenteric 
glands ; in catai-rli of tho gcnilo-iirinary apparatus, the retro- 
jieritoneal and inguinal gi-onjis of gland;^. 

As rogai'ds the process itself, it is essentially a form of acute 
^uppui'ativc lymphadenitis, described at length in § 200 £f seyy. 
Its simplest and least complicated manifestation is tho /ollicttlar 
xitppwai'um of tJi£ ga»lTO'intesiiiial mucom menibi-ane. Tiie violent ] 
catarrhal disorders of the intestine, which occur during the 
height of summer, occasionally cxliibit all stages of tlie process 
at once; its beginuiugs may also bo studied as intercurront or 
prodromal phenomena in tuberculosis, enteric fever, Asiatic 
rtholera, and dysentery. The swelling usually begins with a 
marked congestion of tho iwrifolliculai- blood-vessels ; tlie 
general hyperaemia seems to couccuti'ato itself round tlie follicles; 
this liyi>enEmia may be partly collateral, due to tho impeded 
access of blood to the follicle itself. Tlio solitary gland presents 
itself as a dull-grey, peai-Iy uodulo, as largo as a pin's head, sur- 
I'ouiidod by a vascular ring. A IVyor's patch in this condition 
is a most beautiful object ; the h^'pei'aimic areolie of its con- 
stituent follicles being in contact with one anotlier. When sup- 
puration occm's, the follicle swells to the size of a small [^ea ; its 
site is indicated by a yellowish, fluctuating point, over which the 
outer layer of the mucosa is moderately stretched. If the pus is 
let out, the i-oof of tlie cavity falls in, and a slight hollow is left. 
A sti'eam of water distends the cavity once more, and enables us 
to appreciate its striking dimensions. Tlicso can only be ac- 
counted for by assuming that the perifollicular connective tissue 
lias become involved in the suppurative process. For, so long 
as the pus remains enclosed in the parenoh^ina of the mucous 
membrane, it exerts — if I may be allowed the conipai'ison — a 
catalytic action upon the connective tissue whicli immediately 
surrounds it. Hence we not unfrequently tiud the contiguous 
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follicular abscesses of a Peyer's patch communicathig with each 
other by fistulous passages under the mucous membrane ; the 
latter may be undermined in this way to a considerable dis- 
tance. The roof ultimately dies ; it becomes detached at its edges, 
and the loss of substance resulting from the ulceration, mani- 
fests itself as a sharply circumscribed, round or roundish nloor. 
Cicatrisation usually follows without any diflSculty ; yet I myself 
have seen a i)erforation of the bowel just aboTXJ the ileocaBoal 
valve. 

Follicular swelling and ulceration of the stomach, necessarily 
presuppose the existence of follicles in the gastric mucoos mem- 
brane. Now it is well known that in some stomachs not a single 
follicle can be discovered. As regards the stomach, we might 
periiaps be justified in speculating whether a special developmmt 
of follicles ad Iioc might not occur, somewhat after the fashion 
in which Ilenle assumes the " conglobate " glands to originate. 
Tlio formative irritation to which the connective tissue of the 
entire mucous membrane is subjected, becomes as it were con- 
centrated in a series of foci, just as a cutaneous exanthem is 
limited to a certain, though often very large, number of definite 
centres. About the law which regulates this distribution we 
know nothing. Characteristic of this affection, when it occurs 
in the stomach, is the circumstance that all the follicles are in- 
variably found in the same stage of transformation, whether as 
grey pearly nodules, as abscesses, or as ulcers. 

§ 351. The analogous conditions of the tonsils are some- 
what more complex. Tlie hemispherical surface of these organs 
presents, as we know, a certain number of pouch-like depres- 
sions. These depressions are lined by the pavement-epithdiom 
of the oral cavity; little papilla;, like the lingual papillae in 
miniature, are oflen found growing in the neck of the pouches. 
Around them, embedded in tlie mucous parenchyma, lie the 
lymphatic follicles. Tliey are separated from the surface by a 
thin laver of coimective tissue, and are not therefore in contact 
witlrit (as in the sheep, Frey). Now in catarrh of the pharynx 
with angina tonsillaris, an increased production of epitheliam 
takes place not only on the tongue (furred tongue), but on the 
inner surface of these depressions also. A quantity of pavemeiit- 
epithelium consequently accumulates in their interior ; a wUie, 
greasy mass, not unlike the vemix caseosa of the footoSi fomu a 
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largisli plug, ivliich projectB from the nioutli of tlie poucb, but 
does not, however, escape from it ; tills alone contributes in no 
small degree to the enlargement of the entire tonsil. Add to 
tliis the inflammation und supiiuration in the follicles. One 
after another (for tliey do not all appear to be affected at once) 
they Hwell and soften. The contignoup abficeEses ran togethei' 
here and there, until at lost (supposing the natural order of 
events not to be forestalled by interference with the knife or 
caustics), the entire tonsil is excavated by a sinuous abacoaa, 
which is converted, when the pus escapes, into n sinuous fistula. 
This osnally oecurs^ at several points at once. Tlieroupon the 
gljuid snddenly collapses; always supposing that tlie follicular 
absoesees have previously become confluent. In tlie contrarj- 
event, those follicles hIucIi have not yet burst, together with 
those which liavc entirely escaped the disease, undergo no 
ftirther change, and represent what is left of a tonsil. The 
fistulous sinus, as a rule, is speedily filled up by cicatricial tissue, 
AvitJiDnt the occurrence of any dangerous complication. Should 
the healing process bo delayed, should the baso of the ulcer 
assume a gangrenous and puti-id character, the proximity- of the 
internal carotid becomes a source of danger ; intractable liEenior- 
rhage may resnlt, when the vessel is laid bare by suppuration 
and then perforated, (^flamorrhotjia iter dial»'Onn.) 

5 352. Tlie changes which the secretions of the mucous 
membrane undergo, under the influence of catarrhal inflaumia- 
tion, are so striking, and afford such weight)' indications for 
clinical diagnosis, that catarrluil disorders have been summarily 
defined by more than one auUior, as anomalies of secretion. 
This is an error, inasmneh as the morbid state of the secretions 
is not the cause, but the ctonsequence of the catarrh. It would 
be quite as incorrect to sec nothing iu a catarrh beyond a quan- 
titative increase of the normal secretion. One secretion maj 
differ from another, and this difference is vcrj' manifest in the 
present case. Those secretions of the mucous tract which are 
most important physiologically, the gastric and intestinal juices, 
are not by any moans more abundantly secreted by tlie oatarrlial 
than by the healthy mncous membrane ; on the conti'arj-, a 
diminution in tlio amount of these secretions may be expected 
a.a an invariable fimctional concomitant of catarrhal inflamma- 
tion. This statement does not apply in the same degree to the 
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oixlinary mucus^ of minor physiological importauce, with which 
the mucous membrane, even in its normal state, is coated. 
We are familiar with " mucous catarrhs " in which mucus is 
secreted in excessive quantity. They chiefly affect such parts 
of the tract as are distinguished by their wealth in muciparous 
glands, e.g. the pharynx, air-passages, stomach and large 
intestine. We know, however, that the faculty of producing 
mucous is not peculiar to the acinous glands ; but that mucous 
metamorphosis of the protoplasm is to the epithelial cells of 
mucous membranes, what homy transformation is to the cor- 
puscular elements of the epidermis (cf. § 40) ; hence we are not 
surprised to find mucous catarrh, and mucoid elements in the 
catarrhal secretions, of mucous membranes whicli, like that of 
the bladder, are destitute of glands. 

An over-production of "corpuscular" elements upon a 
mucous surface, presupposes a degree of irritation more intense 
than that which gives rise to the simple mucous variety of 
•catarrh. Here we must distinguish between epithelial and 
PURULENT catarrh, according as epithelial cells or pus-corpuscles 
predominate in the secretion. I say predominate ; since both 
are usually present together. A catarrh exclusively epithelial 
may be seen on the mucous lining of the tongue, the "fiir" 
being nothing more than an exuberant desquamation of pave- 
ment epithelia, such as are proper to this region of the mucous 
tract With regard to the origin and secretion of these cells, I 
refer the reader to the details given in § 83. There is no 
reason to suppose that the epithelial cells which are produced in 
excessive amoimt, originate according to other than the usual 
laws ; from this point of view therefore, epithelial catarrh may 
be regarded as a simply hyperplastic process. 

But what are we to say when we find pus-corpuscles in the 
catarrhal secretion, when the catarrh is purulent? Are the pus- 
cells also to be regarded as products of the subepithelial con- 
nective tissue ? Against this view, which was formerly generally 
received, it may be urged, that it is always possible, cither by 
scraping, or in vertical sections, to demonstrate an epithelium 
which differs little, if at all, from the normal type, in mucous 
membranes which are in a state of well-marked purulent 
catarrh. Becent researches indeed, in which Remaky Buhlj and 
myself have taken part, point to the conclusion that pus may be 
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idiiCGil on mucous nicmbrauei hy cii doge no lis proliferation of 
the surface epIUielia. I have alreaclj- described tliis mode of 
origin in § 68. As regards the esnct point where it is produced, 
our only guide is the Hrrangemeut of tlic hrood-cclls, as seen 
in vertical sections. Fig. 121 represents verj- aeciu-ately the 
mutual relation of parts as seen in the ocular conjunctiva. The 
mothei'-cells appear in situ, In the outermost layer of the epithe- 
lial stratum ; helow and on each side of tbem are epitlielium- 
cells, some normal, others which have already entered upon 
morbid change ; towards the free surface we note the liberation 
nf pns-corpuscles, and the catarrhal secretion. 

This does not prove that all the pus-corpusoles contained in 
tlio catarrhal flux, or tlint the pus-corpusclcs in all cases of 




rrh, originate m this wise. On the contrary, if we reflect 
tlial all young cells have the power of spontaneous locomotion, 
and tliat the strong current of transuding fluid may help, but 
cannot hinder them in their migration, we cannot believe it 
otherwise than possible, nay, even highly probable, that the 
elements of the subepithelial embryonic tissue, to which allusion 
has been already made, penetrate outwar*" between the epithe- 
lial cells, and so come to be set fi-cc. 

§ 353. Mucus and cells are products of the mucous mem- 
brane ; they represent the increased amount of pabulum which 
lios been supplied to it, after it has undergone a ceiHain elabora- 
tion into secondary products, Tlio ease is different in many 
catiirrhal disorders of the gastro-iutestinal tract. The stools of 
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ordinary diarrhoea are due to a <^ serous" tranHwdatimi mfai ifas 
small intestiiie. The serum of the blood, with its .albcuMii and 
salto, lias passed diveoUy fiom the Teasels of ihe villi to'iiie«v- 
faoe ; it has been feroed so rapidly down the .bow»l tby mdoat 
peristaltic moveiaaats, .that the absorption in the krgeiateitioe 
has not been aUe to keep pace with it CholemioreataRfafdjfim 
from ordinary diarrhflna, partly by the absenoe^of 
the transuded .fluid (in cholera this coiisiatB entiraly of 
sodium chloride, Sehnudt) ; partly by the implieation of fte 
whole tract rfrom the cardia to the anus; finally hy the 
of the transuded fluid, and the rapidity with which it.i 
latea. This rapidity is occasionally so great, that the apithdiam 
of the small bowel, together wiUi the epithelial lining of the 
follicles of lAAerkuhriy is stripped off* and swept away in shreds 
of variable size (rice-water evacuations). On one surface of 
these shreds, we see the long epithelial casts of the villi project- 
ing like the fingers of a glove ; the opposite surjEsu^e exhibits the 
shorter and more globular outlines of the crypts of Lieberkukn, 
The intestinal mucous membrane is left as if '^flayed," and is 
exposed without protection to the hostile action of its contents ; 
a circumstance which must not be forgotten in endearouring to 
account for the patches of superficial gangrene, which the bowel 
usually exhibits in ihe second stage of cholera. 

The " hflBmorrhagic " form of catarrh differs from the 
" serous " flux in the fact that the blood itself, and not merely 
some of its constituents, appears on the surface of the mucous 
membrane. It is usually extravasated at the most prominent 
])oints ; in the stomach, on the little bridges of ccmnaetive tianB 
whidi surroimd theorifices of the glands ; in the small intestine, 
at the tips of the villi, and especially of those villi #liich betet 
the borders of the folds of Kerlaing; in the Ueum and ecflon, tiie 
parts surrounding tlie follicular glands are chosen ; in tfae>«QloB 
moreover, the plicce siffmoidece. The process itself oonaials in 
what is known as ^^ diai^edesis." The blood forces its w«y in 
minute quantities through correspondingly minute rents in the 
flexures of the capillary loops, first into the parenchjrmatons 
(x>nnective tissue, and then on to the free surfiice. Siiould the 
blee£ng be arrested, some of the extruded blood-^corpasGlea are 
retained in 'the parenchyma, where they are oonveeted into a 
Wwn or black pigment Accordingly the mucous m a mb wie 



comes to exhibit tliroughout, a browu, yellow, grey, or even 
Uack hue ; the dUtributioii of the ptgineiit lollowing Uie law 
which has just been set forth ; it le only in rare and very tie^ei'C 
cases tliat it is more miLfonuly disti'ibuted, bo Uiat the stomach, 
for instance, looks as if it hod been flooded with ink. 

§ 354. A series of peculiai' phenomena is due to the ]M>«iei- 
bility of serous transudation from mucous membranes lined with 
Uminated pavement-epidielium. The outermost, compact layer 
of oells, resists the passage of the sorum for a time ; it is 
8tri|9>ed from its bed, and bo forms vesicles or bulhe. Accord- 
ingly, in catarrhal affections of the buccal cavity, wo not unfre- 
qaently see the mucous membrane of tlie lips, gums, tongue and 
cheeks studded with transparent, watery bleh^, some as large as 
a pea, while the majority are no bigger than a millet-seed ; in 
about twenty-four hours' time tliey burst and discharge their 
serous contents. Hero the matter may end ; or the i-aised i)ov- 
tion of epithelium may become altogetlior detached, leaving a. 
small, circular defect, an excoriation, beliind. The denuded 
patch of mucous membrane proceeds to secrete pus ; its epithelial 
boixler becomes sodden, and appears to the nuked eye as a shar|), 
white margin ; the ciitii-c patch is Bun-ouudod by a hypeitcmic 
areola, and the circumscribed pm^Ient catarrh lasU until the 
cessation of the general cataiThal state. These " ulcers" may 
increase considerably in size ; the greater pai't of the buccal 
snr&ce may thus come to bo quite raw, while tlie smaller jiart 
continues normal (scurvy, putrid stomatitis). 

Analogous conditions are met with in all the ati'ial chambei's 
of the mucous ti-act (see § 348). We are most familiar v,HlIi 
those about the os titer! extcnium and iJie glans jwnis. 

5 355. Complete and incomplete <2ffff Deration , chronic catari/if 
(Old hi/fierylastic coiuHtions of the mucoiu meDiOnuiei, What has 
been said above coueeroing catai'rhal inflammation, refers to its 
acute variety, which runs a definite course AHer tliis is ccni- 
pletcil, tlie mucous membrane may retmii entirely to its uormal 
state In this oonnexion, tlie behaviour of tlif parenchymatoi 
connective tissue of the mucous mcmbiime is most Im|Hirtant. 
We bare already seen {i 352) how actively the subopitlielial 
ronnecti^e tissne takes part in the catarrhal process. Tlie fleshy 
tliickening of the cntnrrlial mucous membrane was due, in no 
.small measure, to an luBltration of the subepithelial eounective 
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tissue witli corpuscular elements (fig. 121, h). All these cells 
most be removed before tlie mucous membrane can be said to 
have returned entirelv to its normal state. Some of them 
undergo fatty degeneration ; others may be taken up by the 
lymphatics. But weeks may elapse before this is effected ; and 
during the interAal, the mucous membrane offers a dimmished 
capacity of resistance to fresh sources of irritation. For tlie 
irritability of an organ is proportional to the number of elements 
susceptible of irritation, which it contains. This is not always 
sufficiently remembered either by the physician or his patient 
The latter is in much the same position as a person whose 
mucous membranes are j)rcdisposed to catarrhal inflammation 
by a passive hypenemia. Tliere is always a risk lest the catarrh 
should return on the slightest provocation, and that in exactly 
the same part which it has apparently forsaken. The relapse is 
usually more obstinate than the primary disease ; the vulner- 
ability of the mucous membrane, and tlie consequent risk of a 
fresh relapse, increases and lasts for a longer time after even' 
recurrence of the inflammation. Ever}' relapse adds to the 
number of cells in the connective tissue of the mucosa; tlie 
epithelium too, and the glandular apparatus, come gradually to 
take part in the chronic thickening; the mucous membrane 
becomes hypertrophied. Hypertrophy, viewed in this light, is 
therefore a result of catarrh ; it may also be regarded as a 
structural cause which predisposes to catarrh, inasmuch as the 
phenomena which, when taken together, constitute catarrh — sc. 
hyperaemia, swelling, hyper-secretion — ^have already reached a 
certain pitch, at which they have become stationaiy ; so that a 
very trifling provocation suffices to raise them to the level of 
catarrhal inflammation. (Chronic catarrh.) 

§ 356. Let us now consider the anatomical factors of 

HYPERTROPHY OF THE MUCOUS MEMBRANES One by One. 

a. The overgrowth of the connective tissue is particularly 
striking where (as in the gastric mucous membrane) its amount 
is normally insignificant, where it is a mere cement, holding the 
closely -packed tubular glands together. The narrow septa 
between the glandular orifices, as the most superficial locality of 
this cement, are often the theatre of a very luxuriant overgrowtli 
of young connective tissue; they form villous and lamellar 
elevations, to a height of one line above the mucous surface, 
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wiicn they may be recoguised even witli the naked eye. 
The overgrowth of the connective tissue however — both in its 
microscopical and naked-eye effects — is thrown very much into 
the background by the overgrowtli of tlie glands ; one is prone 
to forget that the connective tissue which invests the enlarged 
glands, which forms the i>edicle of a polypus, &c., is itself, in the 
main, a new formation. 

b. The EPITHELIAL LiNDio of tlifl hypei'tropliied mucous 
mt-'mbraiie is <iuite as continuous as in tiie healthy state. Hence 
wc may assume that it increases in a horizontal plane, so as to 
keep pace with the increased area of the umcoua membrane 
itself. It appears, moreover, to adhere more firmly than usual 
to the connective tissue ; for without showing the least breacli in 
its continuity — without e.3. the loss of a single columnar cell 
from the respiratory mucous membrane — it allows the pass.ige, 
not only of considerable quantities of transuded fluid, but also of 
great numbers of young cells, which migrate from the deeper 
parts to the surface, where thoy mingle with the secretion as pus 
and mucus-corpuscles. 

c. The increase in bulk of the open cjlasds is usually re- 
garded as a functional hypertrophy. Just as the bulk of a 
muscle increases by exerciw, so arc tho glands supposed to gi'ow 
in consetjuence of continued over-secretion. In opposition to 
this view, I would lay more stress upon the retention of secreted 
matters, and tlie passive distension of tlic glands which ensues. 
The overgrowth of the subepithelial layer of connective tissue 
may very plausibly bo regarded as a mechanical obstacle to the 
escape of the aecretions. It may compi-ess, narrow, dislocate, 
occlude tlie efferent duct, while the body of the gland, especially 
when situated in the submucous connective tissue, underneath 
the mucous membrane, may inci-easc in size uuehecked. I must 
not bo understood to reduce tho glandular hyiMjrtrophy to simple 
dilatation. In the majority of hypertrophicil glands we can 
readily see an elongation or twisting of tho tubuli, .an increase 
in the number of acuii, as well as n luxiu'iant cell-growth both 
witbin and around the glands. But none tho loss do I mark, 

' that tho tubes and acini of the liypcrtrophieJ glands are in- 
vuriably wider, and contain a larger accumulation of secreted 

SI mattflr tlian they ought to do ; and I look for Uie stimulus wluch 
I the morbid growth, in a centrifugal presaore of the 
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soeretioiis, wbiokaro perhaps unable to esca}>o with due rapidit}^, 
owing to the narrowing of the efferent duct, but whicli, in any 
case, do not escape fast enough.. 

§ 357. From this point of view wo can readily see bow, 
under certain circumstances, the dilatation may preponderate 
over the hypertrophy, and how it is tliat we so often find ctstoid 
DEGENERATION associated with glandular hypertrophy, in mucous 
membranes affected by clironie catarrhal inflammation. The 
two conditions complicate one anoUier in various ways,, giving 
rise to a series of coarser alterations of the mucous surface, which 
w^o may now briefly consider. 

Wliat is known aa the ktat iiamelohne of the gastric 
mucous membrane, is due to the &ct tliat the mucous membrane, 
whose glandular layer is hypertrophied, comes to be too large 
for tlie area of its bed, and is therefore thrown into folds with 
intervening hollows. Tliis plication of the mucous membrane is 
to some extent — as in the pyloric region — physiological ; bence 
tlie ^^ etat mamelonn£ " is at first only a quantitative excess. 
It is only with the aid of the microscope, that we can draw the 
line between quantitative and qualitative deviations from tlie 
normal standard. The dilatation of the hypertrophied tubes, 
which is usually veiy striking, serves as a reliable criterion of 
the morbid nature of the alteration. Higher degrees of the 
^' ctat mamelonne " pass directly into poltposis ventricull 
Wo commonly find a number of transitional forms side by side 
in the same stomach. The folds are subdi>adcd into smaller 
ai*eaa by furrows which cross them at right angles ; these are 
best seen at some distance from the pylorus, about the middle 
of the stomadi ; the overgrowth of the glandular layer pro- 
gresses steadily within tliese areas. A flattened, roundish 
tubercle soon projects above the surface. The higher it grows, 
the more disprojiortionate is the enlargement of its free ex- 
tremity ; it becomes fungoid and is finally convei*ted into a 
polypus, with a globular head rather larger tlian a pea, and a 
very thin stalk. We occasionally find as many as tbirty such 
polypi upon tlie mucous membrane of the stomach, witli which 
moreover they vividly contrast by their dark-red hue ; from 
four to six of them are often seated on a common base ; next to 
cancerous products, they cause the greatest and most striking 
alterations in form, to which tlie gastric mucous membrane is 
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>k!. la their interior we god, besides the diluted tiibu]i, true 
oysts soattared here and there; these are filled with a watery 
finid or with mucus. The intertubular connective tiaaue, to- 
gether witii the walls of tlie tubes themselves, forms septa 
wbicb take np as much space in proportion to the degenerated 
tabes, as the septa of an inflated lung in proportion to the 
alveolar cavities. It was characterised raoreovei', at least in the 
oases whidi I examined, hj containing a large number of 
peculiar, ronndly-oval, very Instrous bodies, hardly affected by 
reagenta, whose histological significance I have not yet been able 
to determine. 

§ 358, The " ctat mamelonuiS " of the stomach leads on the 
one band to " gelatinous " or '* eystoid " degeneration of the 
DincDus membrane, on the other, to the formation of mucoua 
p(Jypi. Gelatinous degeneration, which has hitherto been ob- 
served only in the raucous membrane of the alimentary canal, 
comes about as follows : the crypts of Lkherhiiht are distended 
with mucus, and converted into retention -cysts as big as a 
millet-seed; this change is limitod to a circnmscribod patch, 
which may, according to FtVc/iow, attain the size of half-a- 
crown. The septa between adjoining cysts become atrophied ; 
the cysts coalesce to form larger cavities ; until at last the 
aSected part comes to be mainly made up of mucus, the patch 
assuming a jelly-like colour and consistency. In mucous mem- 
branes which arc more scantily provided with open glands, as e.g. 
in the cervix uteri and external os, the affection does not proceed 
BO far as to cause gelatinons degeneration ; the distended glandB 
tend ratlier to project singly above the mucous anrfaee, forming 
vesicular elevations, or ef\-cn pendulous cysts (the so-called ovula 
Nohothi) ; these, in conjunction with the hypertrophicd mucosa, 
wiiidr pours out an abundant secretion and is permeated by 
dilat«d vessels, constitute tlie sum-total of structural changes to 
which the term "chronic catarrh" or "clu-onic metritis" is 
appHed. 

§ 359. Mucous POLYPI, in the strict sense of the term, are 
jelly-like tumours, permeated by thln-walled capillaries which 
give them a reddish hue, and attached to a mucous surface by a 
more or loss distinct pedicle. In outward form they are either 
smooth and rounded, or lobulatod and fissured. When cut into, 
tJie sorfaoo of section resembles their external surface in colour 
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and consistency ; it exhibits in addition, fibrous bands of a milk- 
white colour, radiating from the root of the polypus to its 
j)criphery, as well as mucous cysts of considerable size, which 
feel hard and elastic before they are cut open. Microscopic 
examination shows, first, a continuous layer of colunmar epithe- 
lium investing the outer surface of the polypus. The main bulk 
of the tumour is made up of hypertrophied glands ; we find 
tubes whose walls frequently bulge outwards to a variable depth, 
and which terminate in clusters of fully-developed gland-follicles. 
The tubes are lined with well-formed columnar epithelium ; and 
filled with concentrically laminated masses of viscid mucus. 
Besides the mucous glands, w^e find a certain amount of soft 
connective tissue, rich in cells, which is dense and fibrous only 
in the pedicle and the bands which radiate firom it The pedide 
is chiefly made up of the afferent and efferent vessels ; no nerves 
have hitherto been found in it We may accordingly take it for 
granted that mucous polypi originate in a circumscribed hyper- 
trophy of the mucous membrane, which mainly involves its 
glandular elements. The mucous lining of the nasal fossae is 
their favourite seat ; next comes the mucous membrane of the 
uterus. More rarely they spring fi:om the small and great 
intestines, the larynx and respiratory passages, the female 
iu'etlu*a, the external meatus, the sinuses of the upper jaw and 
fi'ontal bone. 

§ 360. Chronic catarrh exerts a very singular influence upon 
tlic DUCTLESS GLANDS of the mucous membrane ; and this in- 
fluence is closely connected with the chronicity of the disease. 
It is only in the tonsils that a true hypertrophy, strictly 
analogous to the simple hypertrophic alterations considered 
above, is caused by repeated acute congestion of the pharyngeal 
mucous membrane. It consists in an equable and uniform 
overgrowth of all the histological elements of the follicles ; of 
the reticulum, the vessels, the lymph-paths and the cells. The 
individual follicles may become fi:om three to five times larger 
than normal. The size and shape of the entire tonsil undergo a 
corresponding alteration. It forms a globular and often pedun- 
culated tumour, which may project so far into the pharynx as 
even to interfere with the breathing. Its surface is smooth; 
even those depressions are effaced which correspond to the 
orifices of the little crypts round which the fbllioles are grouped. 
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!faese orifices are generally rouiid and open ; tbey are now 
stopped up and distorted by the swelling. 

§ 361, Similar conditions are never met with in tbe other 
follicular glands of the alimentary tract. On the other hand we 
sometimes find, in persona who are especially predisposed, a 
very singular and important phenomenon ; organic inflamma- 
tions in general, but particularly catarrhal affections of thft 
mucous membranes, causing an enlargement of those lymphatic 
glands which are nearest the seat of mischief, an enlargement 
differing from tliat "acuta sweHing" which I havo already 
described, by its gradual progresa and its obstinacy, and differ- 
ing from true hypertropliy, by the exclusive proliferation of the 
Gorpuaculai' elements, and the consequent disorganisation of the 
entire gland ; distinguished moreover from botli alike, by the 
enormous size to which the gland may attain. I refer to 
the sci'ofulous or cheesy degeneration described in § 203 et seqq-, 
which, when restricted to tlie mesenteric glands, gives rise to the 
symptomatic aggregate known as Tabes mosenterica. Some- 
times indeed, it occurs in the solitary and agminated follicles of 
the intestine ; but these are so intimately connected with " tuber- 
culous " degeneration of the intestinal mucous membrane, and so 
constantly associated with it, that it would be niconvenient to 
treat of them apart. {See Tuberciiloais of mucous membranes.) 
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Croupous Injlammation (Injtammatio pteudo-membranacea). 

\ 362. Croupous inflammation of a mucous membrane differs 
■m catarrhal inflammation in one essential particular only. 
The hypersemia and swelling may be more Intense ; but It is 
only in the inflammatory products, that we can discover any 
qualitative difference. Tliese products exhibit tho naked-eye 
characters of a coagulated albuminous substance ; they take 
tlieir name of "fibrin," or " fibrinous exudation," from the 
chief representative of spontaneously coagulablo substances. 
Tho material in question is ycllowIsh-whitc, tough and elastic ; 
when stretched, it la not drawn out into threads, but gives way 
suddenly and is toin across. On the addition of acetic acid, 
it clears up and swells like fibrin ; Its reaction therefore is 
precisely tbe opposile of that of mucus, which is rendered 
opaque and ropy by acetic acid. Morphologically too, tlio 
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impression conveyed is that of a subfitaaoe exuded upon tke 
mucous surface, and coagulated at onoe .by . ooniact with .the 
air. For the material in question furnishes a oehartolenstic 
membranous investment for ihe mucous . membrane (^K&ke 
menabrane ") which adheres to the surfisice as closely as gypawn 
to a mould. The under surface of the &iae m^mbcane pieseais 
an accurate impression of every irregularity of the muoons 
surface ; should the entire circumference of ihe mucous tabe 
have been involved, the false membrane forms a tubular tast ; 
should the canal have been of small calibre, the caat is solid and 
cylindrical ; should the disease have been circumscribed, it focns 
a rounded plaque. In thickness, the fiUse membrane yanas 
firom a mere bloom *like efflorescence to a rind a line bi d^th; 
it sometimes presents a reddish mottling, due to minute extrawb- 
sations occiu*ring simultaneously with the exudation. 

§ 363. All the remaining properties of the &lse membrane, 
particularly the histological quality of the seeming fibrin, and 
the firmness with which the membrane adheres to the mmooos 
surface, vary with its place of origin, and find their explanation 
in the normal structure of the affected pari Of all the mncoos 
membranes of the body, none is more liable to croupous inflam- 
mation than that of the larynx; next in order of fii^quenoy 
oome the tracheal and pharyngeal mucous membraBes, whose 
liability is nearly on a par, so that we find laryngeal croup com- 
plicated, now with croup of the air-passages, now with that of 
the pharynx; enabling us to distinguish between a laryngo- 
tracheal and a pharyngo-laryngeal variety. At the bed-side the 
former is termed "croup" (Brnxme) par excellence; the latter, 
most erroneously, "diphtheria" (diphtheritis, Kaehenbraone, 
pharyngeal croup). The physician has every reason to keep the 
two varieties apart In their clinical characters, in the dangors 
to which they expose the patient's life, and above all as regards 
their treatment, they differ so essentially, that in spite of their 
anatomical identity, on which it is my business to insist, I should 
feel bound to oppose any attempt towards a clinical fusion of 
the two diseases. 

§ 364. We will begin by discussing phaeyngeal oboup, 
commonly called diphtheria. The morbid process is always 
insular. At various points loS the isthmus fiiucium, soft, palate, 
and uvula, of tlie tonsillar sniface, palatine ardies, and gh 
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cpiglotiitloati fold* — wo notioQ ciruiirascribed spots of a milk- 
white colour, on tin iiitonsely IiyperiDinie baso. Tho white spnt 
soon rises to a height of half a line at most abovo tlio lovcl of 
the miicons surface, nnd the false membrane is oomploto. Oh 
attempting to piok it off with a bltiut instrumont, we find this to 
bo impracticable during its earlier stage ; if we use violonco, wo 
lacorate the surface and cause bleeding. At a later period, 
the niembraiio separates of its own accord ; its edges are tint of 
all loosened by a moderate degree of smppuration, and the 
entire pnt^ti is then liberated fi-om its base. The cireumaoribed 
catarrh which persists for a timo upon tho denuded base (often 
erroneously called an "ulcer"), ceases spontaneously; if not 
meddled with, it leaves neither loss of substance nor scar. A 
secondary extension of the false mombraues is very rare ; they 
are never known to recur on the aanio patch, unless previously 
stripped off before their spontaneous maturation. 

§ 365. These striking and important peculiarities are satis- 
factorily explained by microscopical examination. We learn 
from this, to our astonialiment, that the false membranes do not 
consist of fibrin. If Httlo shreds of a false membrane are 
soaked in a weak ammoniacal solution of carmine, then washed 
and tcazed out with needles, we may readily assure ourselves 
that the naked-eye appearance of coagulated fibrin is produced 
by colls, and nothing but cells, whicli have undergone a peculiar 
dcgeneTRtion of their protojilasm, and an equally peculiar fusion 
with one another. But for the reddish dots wliich indicate the 
nuclei, we might fairly doubt tho corpuscular nature of these 
angular, lustrous, firmly united flakes. As it is, however, we 
most consent to the lypothesis of some metamorphosifi of tho 
corpuscular oleraents, concerning whose place in general patho- 
logy wo can at present only guess, Tho external appearances 
may be aptly rendered by the term "glassy swelling," employeil 
by W«bei- to denote amyloid infiltration. It seems certain tliat 
the cells contain more solid matter than do normal cells ; now if 
this excess of solid matter wore fibrin, we might speak of a 
" fibrinous degeneration " ; inasmuch, however, as we are quite 
ignorant of its nature, the term " fibrinous dagonoration " can 
only bo appHeil to the naked-eye appearances ; evun witii this 
limitation, it would involve & tacit oBsumption which it le bettei', 
in my opinion, to avoid. 
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Let US now examine a vertical section, in order to arrive at 
8orae idoa concerning the structure and origin of the ia\ae 
membrane. The section (fig. 122) embraces the entire thickness 
of & false membrane, togetlier with the mucous snrface on which 
it lies.* 

We see at a glance that the entire false membrane is really 
made up of the elements described above. Originally spherical, 
they have come into contact witli one another at various poii]i<) 
and have become welded together into a plamp network, con- 
sisting, in a manner, of " connecting pieces" only, without any 

Fre. 122. 
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Ycrt ca sec oa h ongh a croupous plaqno on tbc istbmas 
fancinin with he mucous fo d on wh ch t rests a — h 
False memb ane Norma nmcons membrane ^ 



trabeculeD All tbe more elaborato is the system of crescent c 
and branch ng fissures wh ch permeate the false membrai o 
taking the place of mesi es In ccrtau 1 ghts they appear dark 



* Deceptive appeorancea can 0111; be avoided b; making the sections 
ezceedinglf thin and absolntelj vorticaL The followiDg is the beat 
method of preparation. The specimen is immersed in a mixture of 
glycerine and gum-arabic, which must be eltar and viacid. After tlio 
fluid has had time thoroughly to permeate the specimen, the latter must 
be taken out and thrown into alcohol. The gum now becomen quite 
bard, owing to the extraction of the glycerine; and the specimen is 
quite ready for being cut into sections of any required thinneas. On 
waking the sections in a watery fluid (aay the carmine aolntion) tbc 
Kum is diHolvcd out, and tbe tiuoe alone ia left. 
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and so Jiuglit readily be mistaken for the jwsitive part of the 
structure; the jioa&ibility of error cau onlj- be excUided by 
staining the preparadon witli carmine. The cells are of variable 
size ; their dimensions increase as they approach tlie surface ; at 
the extreme periphery of the membrane they are nearly twice as 
large aa lympJi-corpuscles ; farther inwards they become smaller, 
the smallest ones lying immediately upon the mucous surface ; 
here too, the degeneration is less marked ; tliey can hardly be 
distinguisbed from the normal cells which are still embedded in 
the parenchyma of tlie mucous membrane. Tliis gradual transi- 
tion naturally masks the boundary-line between the surfaoe and 
the false membrane, though it never quite obliterates it. If 
proves most undeniably, however, that the false membrane is pro 
duced by the secretion of young elements upon the irritated 
mucous surface, followed by their gradual stiffening, sclerosis, 
glassy swelling, or whatever term we may choose to apply to 
their degeneration. Accoi-dingly, the false membrane occupies 
the precise position which belongs of right to the epithelium ; 
the degeneration in question taking the place of the normal 
evolution of epithelial elements. What becomes of the original 
epithelial investment of the affected region? Has it been 
simply shed, or does it, too, take part in the formation of the 
false membrane ? E. Wagney has attempted to solve this pro- 
blem in a recent and very valuable investigation, and has 
raised the partici])ation of the epithelium in tlie morbid 2)ro- 
cese to the rank of a certainty. Ho describes a very singular 
metamorphosis of the pnvement-cells (fig, 1 23), in consecjuence 
of which the protopksm disappeare at certain points, appa- 
rently receding to certain branching lines, whore it assumes 
a homogeneous aspect, and refracts light more highly than 
ordinary protoplasm. The nucleus disapjmars; the entire 
cell being represented only by a network of great delicacy, 
resembling the antlers of a stag in shape. I believo that I have 
myself seen this metamorphosis — at least in its earlier stages — 
along the edges of the false membranes ; but I cannot ascribo 
to it any far-reaching significance as regards their development ; 
the thin stratum of epithelium does not seem to mo to possess 
sufficient resources of its own lor the construction of a false 
membrane. But I am willing to let the future decide on the 
precise range of Wagner a discovery. 
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$ 366. The intimate connexioD between the ncretod prodaota 
and the secreting snrbce in phRrTngealeronp, is tbecanmirf^ 
dose adhesion between tliem at the ontset of tbe'diwaae. Vfao 
the nornial state isTe^establishedj'the morbid oeU-metamoTpboria 
eomes to an end ; the eella secreted lij the mnoons nunibmiB 
romain unaltered, fenning, togetiier with a nnaU qoanti^ -of 
scram which is simnltaneoaslj ponred oat, a thin hiTerof pan- 
lent doid ; and this of itself involves the detachment of ibo fidn 
momfarane. 

Notwithstanding the snperfiohtl dianoter of -pbRyngeal 
CToap, it is a very dangerons affeotion, CFwing pvtly to Hk 

Tib. 123. 




Fibrinoua degeneration of pATement-oella (after JS. Wagner). 
constitutional disturbance which attends rt, partly to the risk of 
laryngeal complications ; the pharyngeal angina being assooiated 
with a laryngeal angina, doe to a swelling of the snbmncoiu 
connective tissne, which may assmne alarming proportions. 

§ 367. Oroupous inflammation of ihe LABTSX and trachea 
presents ns with a serial snccession of simple catarrh and psendo- 
membranooa exadation. Even in its catarrhal stage it is capable 
of giving rise to tbe familiar group of ^mptoms in their highest 
intensity — ^nay, even .to death itaelE TiiB laryngeal nmooos 
membrane is acutely inflamed, and proportionately awoQeii ; it 
secretes a viseid und tenacians mucus, rich in oeHs ; tfats forma 
a thick, adhesive, yellowish layer, contracting tiie already nar- 
row chink of the glottis to sadi a degree, that we need hardly 
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assumption of reflex spasm of Uie glottis to account 
for death by apucea. Accordingly, a number of physicians !iH\ie 
gone so far as to deiiy tlie occurreuoc of a fibrinous exudntion 
altogether. Wc uiuat not fall into this orror. The development 
of a false membrauo is connected in the closest manner witli the 
catan'hol etate, and constitutes the anatomical acme of the mor- 
bid process. We often find the two conditions side by side,, a 
layer of oatarrbal secretion being intei'spersed here and there 
ivith patches of fibrinous oxudatiou. Acetic acid enables us to 
distinguish at once between the miico-purulcut and tho fibrinous 
elements ; no uncertainty is therefore possible upon tliis point. 

Histological eSkamination of the false membrane shows,first of all , 
that bore too,corpuscular elements predominate. These arc far more 
easily recognisable than in the pharyngeal false membrane ; tliey 
resemble for tlie most part, the cells of ordinary embiyonie tissue. 
In yertieal sections (fig. 124) however, we find that these em- 
bryonic cells aro not the only constituents of the false membrane. 
It presents an exquisitely laminated structure, die eorpuecniar 
layers alternating at tolerably regular inter\-als with layers of 
fibrin ; tliese alternate layers recurring fi'oni one to ten times, 
in proportion to tho thickness of the membrane. Whether I am 
justifie<i in calling the alternate layers " fibrinous " or not, must 
remain open for tho present. I call tliem so from tlie first im- 
pression which their configuration makes upon the observer's 
mind, and witli the resei'vation that I mean no moro by the 
word than a fiuid albuminon& substance, which has coagulated 
after transudation on exposure to the air. Tlio subslanco in 
(jnestion is lustrous and homogeneous ; I have not been able to 
resolve it into cells, like those of tlie pharJ^1geal false membrane ; 
it forma thin plates with upward mid downward processes which 
penetrate into tlie interstices between tlie contiguous ceils, form- 
ing by tbeir anastomoses a beautiful network, whoso meshes 
correspond very nearly to tho individual cells (a). Under snch 
eircmnstaDoos, I think wc may fairly infer, tliat n fhiid, in which 
a large number of cells arc suspended, and \vhicli holds the 
"fibrinoid" substance in solution, has been secrcte<l by the 
mucous surface ; further, that tlie coagulation of tliis fiuid has 
fixed the cells in fhoir onginal jMsition, while tlie c:tteiisiou of 
the coagulation to the hicunar interstices between the sphci'oidal 
bodies of the cells, has given rise to the appearance of a network. 
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Henoo tho difBculty of accounting for the place and mode of 
ori^n of these cells. ^Hie epithelium has long sinoe diBappeared ; 
it must have been stripped off at the vei^' outset of tlte process 
hy the development of t^e Mse membrane, just as in the 
pharynx ; admitting the possibility of a fibrinous degeneration, 
Buch as is described by Woffner {see § 365), the uppermost 
stratum of the network might perhaps be regarded as consisting 
of the bodies of the columnar epithelia, after their branching and 
stiffening ; this view would lead us, however, to ascribe a diffe- 
rent origin to the different layers of the network ; a lack of 
uniformity which would be most undesirable. And yet the 
mucous membrane of tlie trachea, stripped of its epiUieliiuu, 




Traoheftl croup, a. Tho nndermost layerBofafalae membrane; 
h. The Imsemeiit-membraiie; c. The nub-epithelial em- 
bryonic til sue I d. Efferent dnet of a mucous f^Iand, pour- 
ing out a clear mucuB, and peeling off the false mem- 
brane. tAo- 

with its homogeneous basement-membrane, reminds us too 
forcibly of the " open palm " of Charies VIL* not to make tha 
lacuna in our interpretation very sensible. Our only hope lies 

■In Bt^iller's Jungfran tod Orleans (A«t i. bc. 3) King Charles is 
mode to exclaim, deapairingt j : 

" Kann Ich Armeen aua der Erde stampfen, 
Wachet mir ein Eomfeld in der flachen Hand f " 
" Can I raise armies f^m the earth with a stamp of my foot, orgroir 
a cornfield in my open palm P " 

For tbia reference 1 am indebted to the kindness of Professor 
Bachlwim.— Ta. 
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ill the liigliest luagnifyiug powers. With one of Hartnack't 
immersion -lenses, I have succeeded in making out that the 
"homogeneous" basement-membrane is not really homogene- 
ous, but perforated by a large number of very fine pores. 
Through these pores the cells, of which tliere is usmilly a certain 
quantity stored np between tho baseinent-uiembrane and the 
elastic layers, make their way to tho surface. The apertures 
indeed are small ; but is there any aperture so small as not to 
allow the body of a young embryonic cell to slip tbrougli it? 
Those who, from personal observation, are familiar with the 
aincebotd movements of those cells, will agree with rae in answer- 
ing this query in the negative; they will also admit tliat the 
" homogeneous " basomont-menibrane presents no obstacle to 
their migration. 

5 368. The |»resonce of this basement-membrane underlies, 
moreover, another important peculiarity of the croupous mem- 
branes of the trachea, sc. tliat from tlie very first they adhere less 
closely to the mucous surface than tho false membranes of the 
jiharynx. Not only does tlie boundary-Hue between mueeus 
membrane and false membrane, between the secretuig surface 
and the secreted products remain clear and distinct throughout, 
but the smoothness of tho surface gives little chance of any 
lasting union ever being brought about between tlio two. Con- 
sider moreover the activity of the mucous follicles ; the free 
escape of their secretions is often hindered by the superjacent 
false membrane, which they accordingly detach by accumulating 
underneath it (fig. 124), The upshot of all tlieso conditions is 
thu" ease with which false membranes of the trachea may be 
jiceled off, a property on which all our fhorupeutic meaaurea, 
inadequate as they arc, repose. Indeed the separation of tlie 
false membrane not unfrequently proves the immediate cause of 
death ; the membrane, wholly or partially detached, becoming 
rolled up and completely blocking up the tube. The membranes 
in tracheal croup may undergo softening as well as separation. 
A gelatinous transformation of tho network, together with a 
fatty-granular disintegration of tho emboilded cells, are tiie chief 
factors in this process. Soma observers have detected fungoid 
\'egetation3 in tlie softened pulp, and have accordingly ascribed 
more of a putrid character to tliis liquefaction. The naked-eye 
appearances justify us in calling it a true " molting," inasmucli 






';xr-.v!r.* '.:Jr.i.:.-:r c.- ^f=lrf:T3I::■3 ar. Tuicii z^sxis in its owi- 
1 .-av*: ';n-v Heer- '.:* case :: uis kii^i : I racoDect tha: die fluid 

m 

r/rviziM^ of vjVJiL^zi'z Tiej-i^ii a rrBKi:4t*xe ot mucin oo tfae 
:yjdi:;on ot acetic acid : and :L1a le^i ae to ?p«sk of a **iiniooid" 

\ .>>^. Harring ii scaled uie cnnipoiE frooess as ii p reae nte 
jtv^lf in ttys pharrnx and traebga, we mar conclude with a few 
wonli alx/tit larrrrreal cronp. A croopons inflammation, con- 
fined, tlironghont its entire conise, to the larmx. is of rare 
fyrcrjrrenoc ; nevcatheless, the larm^^al is the most common 
vnri'/ty of cronp. inasmuch as it nearlv always complicates cronp 
of til'; alr-pa=?=sagf::«, and mar alro complicate that of the pharrnz. 
'i'lie characteristic features in the morbid anatomy of laryi^geal 
croup an; due to the fact that the mucons lining of the larynx 
»;^rces in its structure, partly with that of the pharynx, paotly 
with that of the trachea. Both surfaces of the epiglottis, and the 
true vrxrat chords, arc coated with a laminated pavement-epithe- 
lium, which \% not marked off from the connective tissue by any 
homogcnoours basement-membrane. Hence the fidse membranes 
adhere more firmly to these, than to any other points in the 
interior of the larynx. How often do we find, in making a post- 
mort^jm examination, that the tracheal false membrane, continu- 
r>iu with that of the laryngeal funnel, is quite loose as far up as 
tlie rima glottidis, whore it is firmly attached ; and we feel sure 
tliat its spontaneous detachment at this point wotdd have required 
fi very long time for its accomplishment. Yet it is just the true 
chords wliich arc a^tpccially liable to become inflamed, while tfae 
ventricle of Morgagni, for instance, is hardly ever aflTected. From 
nri otiolo;;ical point of view it seems to me veiy important to lay 
Htross upon the preference which the disease exhibits for the 
|iroiniiiont parts of the mucous membrane, while its recesses are, 
for the most part, intact It is as though the pharynx had been 
lightly bmshod over with some corrosive agent, or as though 
Homo irritant gas had Ijcoii retained for a short while in tho 
iipiNir part of the respiratory passages. 
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3. Bip/tl/ientic 

§ 370. Aitar the exclusion of what is coiumoiily known as 
phai'yngeal diplitheriu " from the doiuiiiii of diplitliaritic iu- 
uumatioii, the extent oC tJie latter romains oom[)aratively 
limited. ^Ve have already touchc<l upon the esssntial features 
of tJie process, in our aecouut of the " diphtheritic pock" (§ 298). 
It consists of an infilti-ation of nc^vly-ibrmed cells into the sub- 
epithelial eonnectivo tisano, as contrasted with tJio entire muooaa ; 
an infiltration so ahundaut as to compress the vessels, and to 
aiTest both circulation and nutrition. Inasmuch as a certain 
amount of corpuscular infiltratiou of the subepitLvlial oonnective 
tifisuo occurs in connexion with cvei-y catarrh, as well as with 
the croupous form of inflammation, dipliUioria may be regarded 
as merely a quantitativo inoroaso ur excess of tliis morbid pro- 
lifwatio]! ; true diphtbeiia liaving no claim to be regarded 
as a specilic process iu the same degree as ci'oup. To the 
naked eye, it presents certain characters wLioli have led to 
ita being contrasted with the " Inflammatio pseudo-membra- 
uacea" as an " Infiamniatio mcmbranacca" ; I refer to the 
formation of a tought feltc<l membraueof a, greyish-white colour, 
often mottled with sliades of rod and grceo (due to blood-pig- 
ment), raised to the height of about half a line above tlie level of 
the mucous surface, peiietratuig downwardri into its substance to 
the same extent, and intimately blended with iL This mem- 
brane is not a deposit upon, or a secretion from the mucous 
surface ; it is tlie mucous membrane itself, so much of it at least 
as lias been at once tmueficd and deprived of blood by the 
excesEivfl corpuscular uifiltration. Tliis oonditiou has been 
compared, not inaptly, to mortification caused by a chemical 
irritant, to a coiTosion, and Uie diphtheritic membrane lias been 
oallod a " diphtheritic slough " ; the memhiiuiB is indeed a caput 
viortuwvi, it cannot enter upon any changes save putrefaction 
and decomposition ; we liavc only to inquire lion' it is set (I'eo 
from ilfi close organic rnnon with the mucous membraae, and 
cast off. Simple inspection is enough to show us tliat a sharp 
line of demarcation aopoiales tlio living tissue from tlio dead ; 
but a number of connoctivc-tiaaue fibres, blood-vessels, nervos, 
and elastic fibres, pass from the IJviug into the dead paits \ and 
ihcac must all give way before separation cau occur. Xlie meai^s 
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at the disposal of the organism are inflammation and suppura- 
tion. We call this form of inflammation " reactive," meaning 
thereby that it is supposed to respond, as it were, to the irritation 
exercised on the surrounding mucous membrane by the diph- 
theritic slough; some portion, however, of the hyperaemia may be 
interpreted as a collateral fluxion, occurring in harmony with 
statical laws (i.e, of a passive, not an active kind). The pus 
collects between the slough and the healthy tissue; the former 
begins to separate at its edges or at its centre, according as the 
fibrous bridges alluded to above, melt and give way in the former 
or the latter order. When the separation is complete, an ulcer 
is left, which tends speedily to cicatrise ; a recrudescence of the 
morbid process not unfrequently occurs, a new slough is formed, 
a renewed necessity arises for a sequestrating suppuration, the 
resulting loss of substance being far more considerable than it 
was in the first instance. The scars which are ultimately left 
are very prone to contract, so that the risk of a subsequent 
stricture of the mucous tube (pai'ticularly of the large intestine 
after dysentery) is directly proportionate to the extent of the 
previous ulceration. 

§ 371. It is worthy of note that diphtheria affects such 
mucous membranes as are already in a state of violent catarrhal 
inflammation, and whose surface is at the same time in per- 
manent contact with putrescent, decomposing substances. In 
dysentery, which begins as a simple catarrh of the greater 
bowel, accompanied by excessive spasmodic contractions of its 
muscular coat, the diphtheritic process primarily affects the free 
borders of the mucous folds over the tcenice longitudinaUs and the 
plicce signioidecB ; also those natural flexures of the intestinal tube 
where most resistance is offered to the passage of the faeces, sc, 
three successive points in the sigmoid flexure, the coecum, the 
hepatic and splenic flexures of the colon. Now the circumstance, 
that at these points the inflamed mucous membrane is longest 
and most closely in contact with putrid matters, must surely aid 
in the localisation of the diphtheritic process. In much the same 
way, diphtheria complicates those catarrhal affections of the 
urinary passages which are due to retention. Whether the 
retention be caused by stricture of the urethra, by enlarged 
prostate, by paralysis of the detrusor muscle, &c., the stagnant 
urine becomes decomposed, and sets up a catarrh passing into 
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dlphthoria of tlio mucous sm-race. Contact with putrid matter 
olso contriliutos to causo those diphthoritic IcBiona whicli occur, 
not on a catarrhal, but on a denud&l Buriaee. I refer to diph- 
theria of tlie womb and vagina immediatoly after jiarturitiou, 
when the shedding of the decidua has left tlie uterine parenchyma 
unprotected and raw, like an amputated stump ; I refer to the 
diphtheria which occasionally complicates tlio second stage of 
Asiatic cholera, after the violent catarrh of the first stage has 
stripped the mucous membrane of all its epithelium, and left it 
a prey, In this its "flayed" condition, to the direct influence of 
the intestinal contents ; finally I refer — although this has really 
nothing to do with the mucous tract — to that diphtheria of 
wounds which is known as hospital gangrene. 

On the other hand, it cannot bo denied that the element of 
putridity may also reside within tho organism ; that there la a 
state of tho fluids in the individual which predisposes him to 
become affected by diphtheritic inflammations — or, to apeak 
more accurately — which predisposes any inflammation, otherwise 
excited, to take on a diphtheritic character. Many diphtheritic 
inflammations of the pharynx and alimentary canal, complicating 
the last stages of maladies which profoundly afiect nutrition, 
may be thus explained. In conclusion, I must not omit all 
reference to a statement which lias over and over again been 
repeated (Let::efich), to the effect that diphtheritic inflamma- 
tion is due to the germination of a fungus upon ulcerated and 
mucous surfaces. Although I am by no means hostile to this 
view, I do not regaiil it as well enough established to warrant 
my bestowing any lengthy notice upon it on tlie present 
^Bcaeion. 

§ 372. I am by no means sure that my grouping the various 
matters which I propose to discuss in tho present chapter, under 
the common head of " Hiemorrhage," will meet with universal 
approval. The reader's attention has already been called (§§ 353 
and 240) to tlio facilities afforded by tho arrangement of the 
capillaries in tho gnstro- intestinal mucous membrane, for the 
occurrence of hypciiemia and haemorrhage. In the more lively 
contractions of the muscular coat, which accompany catarrhs even 
of trifling intensity, but which are especially characteristic of 
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their dysenteric form, wo saw a reason for the extravaBation' of 
blood either into the parenchyma of the mucous memtesne, or 
upon its surface. Now on the gastric imd dnodenal mueoos 
membrane there occur a series of conditions, characterised by 
loss of substance, which may very plausibly be referred to an^ 
eedoni parenchymatous hiemorriiages — to hiemcNrrfaagic infiure- 
tions of the mucous membrane. This view is generally adopted to 
eiq»lain HJraoRRHJLGic srosioks. Und^ this term we nnder&- 
stand certain sharply-circumscribed, circidar defects of die 
nnieons surface, no larger than a pin's head, which commooly 
oooor in great numbers, their fevourite seat beiag* on die free 
borders of the mucous folds in ihe j^lorio region. Hie fre- 
quency of hsemorrhagic infiltrations of the same size and shqwi, 
existing side by side with the erosions, raises the probability of 
their originating in this way to a certainty. M6reover there 
is usually a history of attempts at vomiting, to account for Aa 
presence of the lisBmorrhagic extravasations ; so that we may 
fairiy assume the sequence of phenomena to have been sometlnng 
liiie this: the act of vomiting, by temporarily arresting the 
return of blood, causes minute extravasations from the superfiinl 
venous radicles of the gastric mucous membrane ; these ooour on 
the free borders of the folds, the extreme parts of the con go slc d 
area, where the blood- pressure must attain its maximum intensity. 
The extravasated blood-corpuscles infiltrate a cirgu ms or ib e d 
patch of the mucous membrane to such an extent as to compress 
the capillaries, thus putting a stop to circulation and niitritiDii. 
Tbs hacmorrhagic infarction becomes a caput mortuumy its 
cNTganic union with tlie healthy mucous membrane is at an end, 
and its actual detachment becomes merely a question of time. 
When we reflect] how easily the gastric juice can dissolve such 
dead parts as those hasmorrhagic infarctions, we shall readily 
understand how it comes about that a veiy few hours after the 
bleeding has occurred, we should find, in plaoe of the infiunotion, 
that sharply-defined and regular loss of substance, to which 
Cntveilkier gave the name of " (erosion h€morrhagique." 

§ 373. I agree with many other observers in assigning a 
sknilar mode of origin to the simple (chronic, circular, perforat- 
ing) ULCER OF THE STOMACH. On Decemb^ 4th, 1866, a man 
was admitted into the surgical wards at Bonn witii a strangu- 
lated inguinal hernia. He had been vomiting continualljr from 
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Unsucc«ssliii attempts had been mado to rodooe the 
At 7 r.H. ojieration, followed by relief. On theevon- 
ing of Dec, 5, mi enema waa followod by a coploos stool of a 
dark-brown colour ; on tlie 6tli anotbor stool was passed, con- 
sistinji; of black, altered blood. During the night between the 
flth nnd 7th, nnuaoa and retching ; on the morning of tlw 7tli 
vomiting of lumps, streaked at first witli bile, and later with 
blood; this frequently recurred throughout tlic day, and la«*;d 
with brief intermissions until the patient'r* death at !) p.m. At 
the po9t-mort«m examination, pertbnned oni? hoiu" after death, 
the stomach presented, besides soroml hs-morrhagio infarctions 
of smaller dimensions, two circular foci of oqual size, synuno- 
trically dis|)03ctl on cither side of the middle line of the lesser 
eiirvaturo ; of these, one was a perfect example of a simple uJcer, 
while the other presented the appeai'ancc of a hirmorrhagio in- 
farction of the gastric muoous membrane of eorros]>onding size. 

For prolix hypotheses c-onccniing tlic ])0S8ible or probable 
mode of origin of gastric ulcer, which would outrun the limiis 
of this manual, I siibstitiite the abovo plain record of a case with 
a |M)st-mort«m. And this I do, partly in onler to substantiate 
tlie ^new which I have adopted, partly also to point out how 
\-ery unstable all those theoretical arguments must bo, seeing 
that the results of a single poat-mortom are still of snch iniport- 
nuco in the settlement of the qnestion. 

5 374. Tlie simple ulcer accordiiigly originates in » basmor- 
rliagic iatarction. This involves the entire tliiclcness of tbo 
tnueoiis membrane. In fine sections through the above speci- 
raon, I was evorj-where able to denaonsti-atc the bodies of the- 
tubular glands bathed in blood-corpuscles, ax though embedded 
in die clot The solution and remo%'nl (digestion) of the infarc- 
tion by tlic gastric juice, loaves a corresponding loss of sub- 
•.tajKe ; the simple ulcer la complete. It may got bigger, it may 
go on to the drcadeil issue of perforation ; or it may, on the 
other hand, contract and cicatrise ; t ropeat howcv'or, ihnt it is 
(•ompleto in all essential particulars the moment the infarction is 
detaolied. 

First among its Cfisential features is iis circular outline. I 
ought to nay, the circular outline of its base, for its f^po as a 
whole is that of a very shallow cone, whose base is dtreat«d 
tomrds tbe surfiice of the mucous membrane, while its apt 




ex-x^trlc h; y^^x^, j^c^fxizirz i=.:«j '-^^ <:f ir;^ ieej^er la vers of 
lu: ^a*2v; wA^ Ir -arc -^'^zji Lz.-'.tr zzk caz^ ot thi* (»mcal 

« :ip5 *t*rtir*2-i>'-^-* '-* -'-^ I'S*:-:^:- Like ^venr o:her hix-mor- 

itj^ area ct dlatrlbutlci: of a single vessel ; now the vascalar 
territories of ir.-: storrjwi j»5eese tLe form of shaHow. obliquelv 
tru::caserl fifA:^^, wb:-*^ apices are 'ilretirrcil upwards in the upfier 
La]f of ti-o organ, dowr. wards in its lower half. This explains 
how it i.^ that the deepest point of the frinnel-shafjed crater Ls 
hhuskUAf not under the centre of the hole in the mucous 
membrane, bat nearer its npper or its lower edge a? the ca?e 
may be. 

Another, not le^o characteristic feature of the simple nicer, is 
the exceeding .sharf/ne«^s of its eilge, and the absence of any raised 
border. The mucous membrane looks as though a hole had 
been cut in it with a punch. The submucous tissue is as clean 
and white as though it had been careiully dissected ; and if the 
ulcer [perforates it also, the pjerforation is circular and sharply 
cut, showing the muscular coat with its transverse bimdles as if 
diMHecierl out. It would seem as though the formative reaction 
at the base and edges of the ulcer were quite insignificant; 
moreover, that the digestive solution followed so closely upon the 
IiocIh of the plantic infiltration, as to prevent our ever getting a 
((limine of the latter at all. The vcn- chronic character of the 
proocsH, M'liich often drags through more than one decenniuui, 
in in favour of the former assumption ; while the latter is sup- 
portrxl by the fact that the simple ulcer is only found in tlie 
Ht^>mach and the upper part of the duodenum, i.e. only in that part 
of the alimentary canal where its contents arc acid, and where 
tlio solution of albuminous substances takes place most rapidly. 

§ •■}75. As regards the further progress of tlie simple ulcer, 
the possibility of its cicatrisation has already been referred to. 
Tho smallor and more recent the lesion, tlio sooner may the 
formation of tlio *^ stellate cicatrix" bo expected to occur- ue. 
of that minute, white, flattened scar, which replaces a loss of 
substanco porhai)8 ton times as large as itself, and wliich must 
neooBsarily contract and pucker the neighboiuiDg mucous mem- 
brano. Ulocrs of larger size may also become cicatriaed but tliis 
doM not oommonly occur ; when it does, it may lead to auoh 
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cxtensivG contractions of the stomacli at its tniUdle part, as to 
subject the patient to a fresh scries of troubles. 

On the other hand, the gradual extension of the original 
ulcer exposes the patient's life to three sets of risks. For 
when tho ulcer continues to increase in depth slowly but un- 
ceasingly — 

1. It may open into a largo vessel, and so cause fatal bleed- 
ing into tlie stomach. Such an issue is most frequent in the 
case of those ulcers which are situated on tho posterior aspect of 
the stomach, just over tho course of Uie splenic artery ; some- 
times, liowever, it is the trunk originally supplying tlie affected 
area which is laid open pei' diabrosin ; the hajmon'hage then 
rKMJurriug from a branch of the coronary or gaatro-epiploio 
arteries. 

'2, It may open into tlie peritoneal cavity. This usually 
occurs by a circular hole of fair size, which can hardly be pro- 
duced otherwise than by necrosis of the base of the ulcer, and 
detachment of the necrosed part. This accident is most common 
in the case of duodenal ulcers ; next in order of frequency come 
ulcers on tho anterior wall of the stomach, inasmuch as during 
the various movements and changes of place winch the organ 
undergoes, its anterior surface moves up and down over a con- 
siderable area of tho opposite peritoneal surface, a circumstanoe 
very unfavourable, nay, antagonistic to any prophylactic adhesion. 
The possibility of such conservative peritonitis is clearly shown by 
ulcers situated on tlio posterior wall of tho stomach and in the 
pyloric region ; these are almost invariably found to have con- 
tracted adhesions to neighbouring viscera, such as the liver, 
pancreas, spleen, &c, before the occurronee of porforation. 
This wards off the risk of a rapidly fatal peritonitis ; the result 
is one which we, as physicians, wotdd endeavour to compass if 
we could. We must notshntour eyes to the fact, however, tliat 
this very bridging-over of the interval between two layers of 
peritoneum opens a now field for the destructive activity of the 
ulcer, which may proceed — 

3, To burrow into a neighbouring organ and desti-oy it layer 
by layer. Tlie spleen and the left lobe of tho liver are most 
liable to be thus invaded ; and as the dostructive process advances 
witit greater ease in their soft parenchyma, than in the walls of 
the elomacb and tho connective tissue of tho adhesion, they 
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spoedily beoooM hollowed out into large eavitioa, whidi commu- 
nicate with the stomach by a narrow opening. More rarely does 
the ulcer burrow into the head of the pancreas ; rarest of all i^ 
adhesion between the stomach and colon^ whereby these divisions 
of the alimentary canal are made to communicator giving rise to 
the symptoms of lientorie diarrhoea. I have seen a ease in 
wUflh adheaioii and subsequent perforation united the pylorus 
with ihegalUbladder ; gallstones being subsequently formed and 
discharged by vomiting. 



c. Spfciwc Inflammation. 

1. Typhus* 

§ 376. The typhous process, in by &r the most frequent 
mode of its occucrenoe, ileotyphus (typhus abdammalU) is asso- 
ciated with obtain changes in the mucous membrane of th& 
intestine, which undeniably possess special anatomical pecu- 
liarities. JJko those of syphilitic gummatui leprosy, and tubercle, 
these i^pecial characteristics arc manifested rather in the coazsaer 
anatomy, than in the finer structure, of the morbid products. 
Tlie attention of physicians has only been directed to them since 
the third decade of the present century. They were originally 
described as ^^ inflammation of Foyer's patches '' ; then Heusinger 
pointed out their similarity to medullary cancer; JRoldUmM 
compared the a9pect and consistency of tiie altered patohes to 
the cerebral medulla of young children, and introduced thetenn 
^Vmadullar}^ infiltration,*' which is still in use, to designate their 
appearance when mature. 

Conoeming the relation of the intestinal and other anato- 
mical changes (splenic enlargement) to the constitutional dis- 
order, great difierences of opinion still exist The Yienna school 
considered the changes in the bowel as a mode of eliminatiiig 
the peccant matters from the blood ; at the present day, we have 
only two alternative opinions from which to choose; we m^y 
regard the bowel-lesions as standing in the relation of an eoEan- 
thttn towards the constitutional disorder, or we may ascribe Aem 

* For reasons aUudod te in § 112, note, I hare kept the generic term 
" 'r]rphu8*' emplogred bj the anther. It is self-evident that tlie ehapter 
f«4m adUy t^abdomiaal typhus or enteric fevers— Ta. 
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to tlie local action ut' Llio typliuid puisuii, iua^inucli as the; are 
pnxluood ill those very organs wliicli arc probably, acxiording to 
recent investytations (oitteric fevor from drinkiDg-water), tlie 
cbamielit tlu-ougb wliicli the poison is introduced into the system. 
j 377. Several stages hare been distiiiguislied in the ooane 
of abdominal typhus ; the oatarrlial etago, the stago of mednUary 
infiltration, tlic stage of degeneration, ami that of uIceratliHi. 
Wo will retain tliese divisions, prembiiig however, that the 
Ipneral catarrh of tlio alimentary tract wbicli uahei's in the pco- 
cns, uiay coutiiiue, without undergoing any niaikeJ abatement, 
nntil the final stage, Strictly tberofoi-e, tlio division into stages 
is only applicable to the special ultei'ations in tbc lymphatic 
foUioles, on which indeed tbc attention of tbc anatomist is con- 
centrated irom an caily {>eriod. During tbc catarrhal stage 
(which seldom comes under observation), all the Peyer's patches, 
and tlio solitary follicles of the small and great intestine, become 
swollen in the manner described In § 350. The greyish, |wu'ly 
surrounded by ita close web of vesDcb, is the acme of the 
in tliis direction ; thoroupon, the swelling for the most 
part subsides entirely, pai-ticularly in tlie solitary glands ; here 
and there, especially in I'oyer'A patches, tbc cliaracter of the 
swelling undergoes a clunigc, without the occurrence of suj^ura- 
tton and expulsion of the follicles ; the latter passing into the 
abite of "medullary infiltration." 

Tlu!i " niodnllar^' infiltration " is main)}' distinguished, on the 
one hand by an eulargemout of the follicle, which may attain 
even six times its noi'mal size, on the other by an e^itaoBioQ of the 
morbid process to tlie perifollicular connective tissue. The foIliL^Ies 
which make up a Foyer's patch, coalesce witli the interstitial oou- 
nectivc tissue to form a soft, rose-ooloored, seemingly homoge- 
neous mass, which closely resembles the raedtillary substance of 
the fietal brain; the entire patch forms a flattened elevation, 
about two lines in height, of au elongated oval outline; it is 
marked otf from tlie sun'ounding mucous membrane by a pre- 
cipitoua border. The solitary follicles are converted by the infil- 
tration into marrowy nodules, from two to four lines in diameter ; 
it is in these, that the extension of the morbid process to the 
most sti'ikingly apparent ; since the greater part of the 



mucosa is meet stiikingly apparent ; since tbe greater part of the ■ 

1 nodule is obviously made up, not of tbe follicle itself, but of tJw H 

L mncoDB membrane which covers it. fl 
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§ 378. What light does the microscope throw upon this 
*' medullary infiltration''? Does it enable us to detect any 
typical tissue-change, which, independently in some measure of 
pre-existing structure, is able to generate " typhous " products 
wherever connective tissue or lymphatic elements may happen to 
exist? May we speak of a "typhous" product in the same 
sense as of a cancerous, sarcomatous, or syphilitic product ? I 
feel myself entitled to the credit of having done my best to 
penetrate into the anatomical essence of the typhoid process, with 
the aid of the most recent methods of investigation. The results, 
however, have not proved equal to my expectations. Other 
observers have described corpuscular and nuclear proliferation as 
the only demonstrable appearances. I will venture a step farther, 
and call attention to some points which, in the general absence 
of " peculiarities," seem to be worthy of being put on record. 
First then, let me refer to the enormous dilatation of the capil- 
laries and arterioles in the parts affected with medullary infiltra- 
tion. The double contour of their walls is represented merely 
by a sharp line of demarcation between the pai'enchyma and the 
blood ; the blood seems occasionally to have become quite stag- 
nant, if we may judge by the appearance of the colourless cor- 
puscles, which, just as in cases of slow coagulation, have become 
aggregated into little clusters, occupying, without any admix- 
ture of red ones, the whole interior of a capillary vessel for short 
portions of its course. Notwithstanding this however, ecchymoses 
are rare ; probably because the elastic reaction of the proliferated 
parenchyma is too powerful to allow of their production. 

As regards tlie morbid products themselves, I have already 
pointed out (in § 112) that the process does not consist merely 
of a numerical multiplication of elementary parts, as in catar- 
rhal inflammation, but that in addition to this numerical increase, 
which is imdoubtedly very considerable, there is an increase in 
the size of the individual elements, a tendency towards the pro- 
duction of a specific "typhous" cell. The individual evolution 
appears indeed to culminate in the production of this " typhous" 
cell, a structure which differs fSpom the simple lymph-corpusde, 
by containing a larger proportionate amount of protoplasm. The 
protoplasm of a lymph-corpusde barely equals the contained 
nucleus in amount; whereas in the "typhous" cell, it always 
takes up as much, on an average even more space than the 
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K^ndeos. Tlie " tyjihous" l-cII i'e]ii>!seiita the first step towaitls, 
S3 it wore a fbrosliadowing of, epithelial differentiation : it would 
seem, liowever, as though this augmentation of the protoplasm 
lacked the solidity and durability of epithelial development, inas- 
much as the "typhous" cells remain but a short while at their 
acme, and speedily fitll a prey to necrobiotic change. 

Finally, as regards the peculiar rosy, homogeneous tint of 
the entire mass, it ia eiiplained by the dark-red hue of the 
turgid capillary network being toned down to a uniform flesh- 
colour, by the honiogeneona medium through which we sec it. 

§ 379. The anatomical alterations culminate in medullary 
infiltration. Tins is followed by retrograde metamorphoses, 
wliich may sot in in diverse ways. Tlie great majority of tho 
infiltrated patches gradually retui'n to their normal state by a 
"colliquative softening," The "typhous" cells become disin- 
tegrated into oily debris, which are absorbed as chyle. Tliere- 
ii|M>n tlie swelling disappears, the follicles being tlic first to sub- 
side; the Peyer's patch presents a reticulated aspect {mrface 
y'ficiilee) owing to the collapse of tlie follicles ; the little hollows 
which con'cspond to them forming tlie moshes of a network, 
whose trabecula; m-e represented by the interstitial connective 
tissue which still contuiues infiltrated. Wben the latter is also 
freed fi'om the infiltratod prodnctB, nothing more remains to be 
done save a gradual reatitution of the lost parts, which appeal's 
to begin at once. 

5 380. But this " colliquative softening " ia not tho only way 
in which the morbid products may be got rid of; another and a 
more severe issue, is " sloughing " of tho deposit. We found 
that nearly idl the lymphatic structures in the wall of the alimen- 
tary canal were implicated during tho catarrhal stage ; we found 
u marked limitation and concentration of the process in tho stage 
tif medullary infiltratiDn ; now in the stage of sloughing, a further 
and much tho most striking reduction in tho extent of the mor- 
bid process, takes place. Small portions of single Poyerian 
[jatches, portions varying from a lentil to a size of from three- 
fourths to five-fourtlis of an inch, with hero and there a solitaiy 
gland, assnmc a yellowish- white, opaque tint instead of their 
former reddish and translucent aspect ; tiiey are detached from 
the surrounding tissue by a sharp line of demarcation, and tlien 
pass into a state of cheesy necrosis. When once this has occurred, 
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recover}' can only take place by expulsion of the nocrosed.parts 
and consequent ulceration. An increased degree of congestion 
at the edges of the slough, is followed by suppuration, and detach- 
ment of the dead part ; the latter continues, however, to hang on 
(or a long time to the base or edges of the ulcer, and acquires a 
yellow, green, or brown tint, by contact with and imbibition of 
bile-pigment It finally comes away in shreds, leaving an ulcer 
whose size is determined by tliat of the slough, and whose floor 
is usually composed of the deepest layer of the submooons con- 
nective tismc. In severe cases the ulcer penetrates still more 
deeply J and the expnluon of the sequestrum coinoides with per- 
foration into the peritoneal cavity. In such cases we may infer 
that the infiltration extended from the first, not only through the 
entire thickness of the submucous tissue, but also Uuougfa the 
interstitial connective tissue of the muscular coat, to the sub- 
serous and serous layers. 

The healing of these typhoid ulcers follows at once upon the 
sequeatrating inflammation. No sooner is the slough thrown off, 
than a small quantity of embryonic tissue springs up on the floor 
of the ulcer ; the precipitous abruptness of its edges is under- 
mined by a cc^quativo softening ; the collapsed boirder over- 
hangs a portion of the denuded floor, to which it speedily 
becomes attached by cicatricial tissue ; the central part, whidi is 
still naked, oomes at a later period to form a smooth, luttroas 
surface, with pigmented edges, on which neither villi, .glands, 
nor any of the other component elements of a mucous mambiane, 
are ever regenerated. By transmitted light, these patches appear 
thin and transparent ; this is due to the absence of a mucous 
layer. 

As regards the intestinal haamorrhages which ocoaaionally 
complioate abdominal tyj^us, it may be remarked that the 
frequent, trifling, and harmless ones, occur by diapedasia firom 
the over-congested edges of the tdcers ; the more severe bleed- 
ings, from those larger vessels, which served at one time to con- 
vey blood to the necrosed tissues, and which are now.liabIe.4o.be 
torn, perhaps in consequence of premature detadunent of the 
sequestra by passing fasoal masses. 

§ 381. So much £or the morbid changes in the w^^pir**^ 
membrane. In constant association with tham, we find^anraflhe- 
tion of those mesenteric glands which draw their lymph fiaMn.^tke 



' afiltnatod portionu cf die bowel. As ilie iluuiu is al^vays most 
intsnaely afiected for about twelve inches above the iloo-coecnl 
valve, it is here that we may expect to find the most perfect 
examples of tlie morbid i-bangcs iii tlio lymphatic glands. lit 
tlieir liistological characters tJicac faithfully leproduoe the 
primary disorder. A moderate degree of oatarrhal swelling i^ 
fallowed by a mcdullaiy iotumoscenco of colossal proportions, 
Dearly approaching thoao of scrofulous euIargemenL It becomes 
impossible to diBtinguish the boundary- line between cortical and 
DiedoUary substance witli the naked oyc. The microscope shows 
that the follicles and their prolongations into the medulla (the 
lymphatic nodulos and trabeculum) aru the chief seat of morbid 
change, while the lymph-sinuses, and especially the connective 
tissue, arc infiltrated with " typhous " elements to onlj' .1 mode- 
rate oxt«nt. Here — Le. in the lymphalie iiodulcs, of which from 
fificen to twenty may, as wo know, be counted in a longitudinal 
aeetion through a gland of average siie — we meet, first, with 
that inordinate dilatation of the capillary network whidi seems 
to me to be the most characteristic feature of the inedultary con- 
dition. Side by aide with this dilatation, we may often note ait 
obvious " plugging "' of many capillary loops, and even of some 
c^ the larger vessels, with a dark, granular matter, concerning 
whose aatore I am still in doubt. Further, tl.o condition of thc- 
I adenoid rctwulum is very singiUar. All it? trabceulo! are from 
I lAree to Sow: times tliickcr tJiati usual ; the nodal points are 
e^ecially swollen, the nuclei themselves vesicular; the old 
anastomotic network of corpuscles lias obviously returned to life, 
tlie shrunkoQ cells have grown plump by the absorption of pabu- 
lum, the nuclei are ready to resume their function as cytoblasts. 
Tbc eontinoity of the network is already inteniipted at many 
points ; the resulting gaps being occupied by globular aggrega- 
tions of oellfi. The proliferation is mainly fissiparous, though 
the endogenous mode is also not un&equent. The edges of the 
lympliatio trabecuhG-^tho brink of the sti'oam of lymph — arc 
often so Uuokly studded with mother-cells, that tliesc even out- 
number the ordtoaiy lymph -corpuscles. Here too, tlie process 
ultimately tends to the development of the maximum number of 
" typhous " ocUs, The acme once reached, every space in the 
interior of the gUud which is not pre-occiq>Ied by the vessels — 
among otlien; the lyroph-path itsalf— is gorged with these 
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elements. It is impossible, even with the best injecting fluids, to 
fill the lymph-path of the infiltrated gland; indeed injection 
serves to show the stage at which the process has arrived. Here 
too, the law which regulates all other progressive changes in the 
lymphatic glands (scrofulosis, cancer, &c.) is foond to hold good, 
viz. that the swelling should begin at the periphery of the gland, 
in those parts of it which are nearest the seat of primary disease 
firom which the infecting lymph is drawn, spreading gradually 
from thence to the entire parenchyma. The degenerative 
changes follow the same order. These almost always consist of 
a " colliquative softening," with complete fatty degeneration of 
all the " typhous " cells. Inasmuch, however, as all the lymph- 
corpuscles and connective-tissue corpuscles, ue. nearly all the 
normal corpuscular elements of the gland, have been converted 
into " typhous " matter, we may readily understand how it 
comes that hardly anything is left beyond the capsule and the 
blood-vessels. The uttermost limits of collapse are reached ; the 
antecedent congestion has already given rise to distinct extra- 
vasations with subsequent pigmentation in the capsule, so that 
a slaty discoloration figures among the characteristic features of 
the shrunken " typhous " gland. 

The occurrence of cheesy necrosis at one or more points of 
a mesenteric gland in abdominal typhus, must be regarded as a 
rare phenomenon. Virchaw has repeatedly called attention to its 
possibility. The cheesy slough is then detached by a suppurative 
inflammation, and a minute abscess results. This may burst 
into the peritoneal cavity ; hence the risk of peritonitis ; on the 
other hand, the pus may become inspissated, and finally cal- 
careous. The earthy nodule is invested with a capsule of 
connective tissue, like any other foreign body, and the process is 
at an end. 

§ 382. All the remaining forms of swelling, productive ac- 
tivity, &c., which are associated with the " typhous" process, are 
found, upon analysis, to consist of the same series of progressive 
and retrogressive changes. We know least about the fine 
anatomy of the splenic enlargement ; the relative proportion of 
congestion to morbid growth, has not yet been ascertained for the 
difierent stages of the disease. True medullary infiltration has 
been detected here and there in the Malpighian corpuscles. The 
"typhous" deposits which are occasionally met with in the 
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Gorous membranes, tlie liver, and tlio kidneys, are precisely 
nnalogoas to the changes in the intestinal mucous membrane. 
The alterations in the fibroa of voluntary muscle {Zenker) will be 
fiilly described hereafter (§ 756). 

2, Tuberculosis. 

Before beginning the study of tuberculosis aa it 
occurs in mucous membranes, wc must learn to discriminate 
carefully between tuberculous disease of mucous membranes, and 
those diseases of tlio mucous membranes which occur in tuber- 
culous patients. It is only in a few instances that the develop- 
ment and decay of tubercles constitute the smn-total of the 
morbid changes ; in a somewhat larger proportion of cases, they 
form the leading foatui-o of the disease; as a general nile 
however, the actual growth of tubercles occupies a relatively 
subordinate position, in comparison with the non-tuberculoi' 
alterations, serving as a sort of excitant or guiding impulse — as 
a standing witness to the speci6c and incurable nature of the 
malady. 

5 384. TcBERcuLOsrs of the uro-oenital mucous mem- 
brane affords the beat example of the changes which tuberculosis 
peree is capable of effecting — of the disturbances wJiich may be 
ascribed exclusively to it. The tuberculous ulcer of the lu'inary 
bladder is a sharply-circumscribed, more or less cii'cular defect 
in the mucous membrane, with a dirty-yellow, "bacony" infil- 
tration of its base and edges. On closer examination, this bacony 
infiltration proves to consist of "tnie" tubercles; miliary 
nodules, some grey, some chees^', packed closely together, form 
the fioor and edges of the ulcer, while tho youngest and smallest 
granulations serve to extend the process, and are scattered, fai- 
in advance of the i-est, through the healtliy ])arencliyni:i of tho 
mucous membrane. Li fact, tlic growth of miliary tubercles 
takes the place of the " plastic infiltration" of common inflam- 
mation ; while their cheesy metamorphosis, softening, and dis- 
integration, stand for the subsequent destructive suppuration. 
Side by side with the older and mature ulcers, we usually find 
the first beginnings of the disorder in the form of solitary, grey 
or cheesy, miliary nodules, disseminated Uirough the most super- 
ficial layer of the connective tissue of (he mucosa ; otiicrs 
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again, tbrming small clusters, and already exhibitiDg a mnnite 
central cavitv. The inradaal and nnifbrm extension of die 
growing and ^ftening tiilx^rclos from these centres, neoeasarily 
gives rise in tlie first place to a circular nicer, the ** lentkmlar 
tuberculous ulcer." Several such ulcers, becoming conilnent, 
form secondary ulcerations of larger size, whose outlines arc 
most irregular. These gradually extend over progressively 
Avider areas of the mucous surface, until at length the de- 
nuded }>arts exceed the healthy surface in amoirot, the rela- 
tively intact portions forming narrow lx>rders between adjoining 
ulcers. 

§ 385. These observations, which primarily refer to tuber- 
culosis of the orinaiy bladder, may be transferred to any part 
of the nro-genital tract, and particnlarly to the lining membrane 
of the ureters. Tlie anatomical appearances in the latter case 
however, are marketlly compHcatetl by the introduction of a 
catarrhal element. The tuberculous ureter is at first only in a 
state of catarrh ; the swollen mucous membrane poors out a 
thick, viscid, purulent secretion ; and the swelling, together with 
the dischai'ge, may affect the state of the urine, causing the chief 
clinical symptoms of tuberculous disease of the ureters, before a 
single tubercle is formed. Tuljerculosis of the womb is second- 
arily complicated with an overgrowth of the connective tissue, 
jiartly in the submucous, partly in the muscular layer, which 
may attain ver}- considerable proportions : hence a positive en- 
largement of the organ as a whole, is associated with a progressive 
loss of substance from its inner surface. Even more peculiar is 
the complication of tuberculous ulceration of the bowels witli a 
papillary and jwlypoid hvpertrophy of the unaffected residue of 
the mucous membrane. This may assume such proportions, that 
the entire membrane may be masked by the dark-red, congested 
poljrpi, as large as peas, between whose bases tlie ulcerated 
surface itself may escape notice unless looked for. The com- 
plication is not, however, a conmion one. Far more common, 
and mncli more difficult to distinguish from the tubercular 
affection proper, is the combination of tubercnlosis with that 
scrofnloas overgrowth of the Ij^mphatic follicles with which we 
have already become familiar, as it occurs in the lymphatic 
glands (§ 203, et uqq.). 

§ 38& Hie veiy same regions of the digestive system wfaieh 
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we foiiml to lio art'ecteil hi abtEuminiil t^Il^l1l^, iire also tho 
favourite seat of tuberculosia, k. the lymphatic glands, Peyer's 
|)atche3, and solitaiy follioles in the neighbonriiood of the ileo- 
ccecnl valve. Tlie pi-oceas however is not reatrittod, as in 
abdominal tj-phna, to the lymphatic stmeturca and tho parts 
immediately surrounding thcni ; it startfi from them indeed, bat 
only to extend farther according t-o a special law of its own. 
Now it is just thase primary changes in the closed follicles which 
are not of a tobcrcnlona nature. The grey intumescence which 
causes enlargement of fho individual follicle to about three times 
it« normal bulk, depends upon the same one-sided kind of pro- 
liferation of the corpnseulai- elements in the Ij-mph-palhs and 
the reticular parenehjTna of tlie fblliclee, with which wc are 
familiar as the cause of the serofidons bnbo; the subsequent 
<-aaeation, it is tnie, differs in no respect from tho dcgcnerntive 
change to wliieh tho true tubercles themselves sucenmb ; so that 
when once this stage has I>oon reached, It is no longer jiossible to 
distinguish hotwoon the two prooesses. It is worthy of note, 
moreover, that the disorder of the corresponding mesenteric 
glands is purely of a " scrofulous" kind, and cannot be eon- 
founded with tho very diffej-ent anatomical ap]M?arani'ps presented 
by genuine tnlwrculosis of a Ijinphatio gland. 

Tho cheesy follicles soften from without inwards, and when 
the cheesy matter is wholly dissolved, wo find a sharplj'-eircum- 
}icribc<l hemispherical defect, the so-call&l "clennswl ulcer," 
environed by relatively healthy ti*)ue. Tho close proximitj- of 
the neighbouring follicles to one another in a Peyer's patch, 
may lead, even at this early stage, to a coalescence of several of 
these minute ulcers to form those larger defects which, from 
their being bounded on all sides by segments of a circle, with 
tlieir convexities outwanis, have been called " racemose ulcera- 
tioDB." 

5 387. On osamuiing tine vertical sections through the base 
;md edges of one of these ulcers, wc notice that it is cvcrj-wherc 
'urrounded by a tolerably n-ide zone of corpuscular intiltration 
of the cotmective tissue. But neither in the corpuscular elements 
themwlves, nor in the mode of their arrangement, can we detect 
anything specific- It would seem, moreover, that tho gradual 
extension of the ulcer is essentially due to the progressive 
advfince of the infiltration into the neighbouring tissues, and tlio 
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subsequent resolution of the infiltrated matters upon the ulcerated 
surface. The specific, " tuberculous " element, is accordingly 
quite subordinate in tuberculosis of the intestines. But it would 
be a great mistake to suppose it wholly absent Careful investi- 
gation shows — 1st, The presence of a certain number of miliar}- 
nodules in the tunica adventitia of all the non-capillary vessek, 
and especially of the arteries in the neighbourhood of tlie ulcer. 
2nd, The strictly tuberculous nature of those granulations which 
occasionally spring up on the opposite siu*face of the intestinal 
wall, in the subserous and serous connective tissue, and 
which enable us to ascertain from the outside, the exact position 
of the morbid changes in the mucous membrane. The observa- 
tions recorded in § 115, led me to investigate these struc- 
tures very thoroughly ; and I have assured myself that here too, 
it is the lymphatics which undergo tuberculous degeneration, 
and that the sheaths of the vessels are so manifestly chosen by 
the tuberculous products, only because they also contain the 
efiorent lymphatics of the bowel. 

The development of miliary nodules upon the branches of 
the vessels or lymphatics is of especial moment in the present 
instance, inasmuch as it determines the direction in which the 
ulcer of the intestinal mucous membrane must extend. For, in 
marked contrast to the invariably axial configuration of the 
typhoid ulcers, which do not overstep the limits of a Peyer's 
patch, the tuberculous ulcers exhibit a decided tendency to 
spread transversely. They are always tending to become zonu- 
lar ; originating in Peyer's patches, where also they attain tlieir 
greatest widtli, they push their way over the lateral margins of 
the patch, till their extremes unite on the opposite side of the 
bowel. If we compare the distribution of the blood-vessels witli 
this mode of extension, we cannot fail to see a certain parallelism 
between them. The arteries and veins reach the bowel between 
the layers of the mesentery, on the side opposite to the Peyer's 
patch; from this point they radiate in an arborescent form, 
their trunks and main branches coursing transvei'sely across the 
intestinal tube, while their finer ramifications meet on the outer i 
side of the canal, where the patches are situated. The vascular 
territories of the intestinal wall are accordingly transyerse and 
not axial, and any morbid change which is conterminous with t j 
vascular area, must eo ipso extend in a transverse directioD» J 



Now the (liscovoiy of miliaty nodules upon all the ramifications 
of tho afferent vessels makes it clear tliat tuberculosis belongs to 
tliis category; lience too, we see why it extends across, and not 
along the bowel. 

5 388. As regards the further consequences of tuberculous 
ulceration of the bowels, I need only aay that luentorrhage and 
perforation may occur, just as in ab<lominal typhus. Tlie tuber- 
culous infiltration of tho vascular wall on the one hand, and of 
the serous membrane on the other, and the necrobiotic detach- 
ment of tho infiltrated part, necessarily lead to perforation, now 
into the blood-channel, now into the peritoneal sac. In either 
case however, this accident presupposes tlie absence of those 
natural safeguards which usually ward off any such extreme 
issues ; in the former instance, timely coagulation of the blood 
in the endangered vessel, in tlie latter, timely adhesion of the 
serous coat to some otlier part of the peritoneal surface. I have 
seen a case in which five tuberculous ulcers of the ileum had 
perforated, not however into the peritoneal sac, but into otlier 
divisions of tho bowel, which had previously become adiieront 
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ite tlie scat of ulceration. This, of c 



ie, put a stop to all 



peristalsis, tho products of digestion circulating without any 
order through numerous false passages in tlie abdominal cavity, 
inasmuch as the fistulous communications were in some cases 
wider than the calibre of tho intestinal tube itself. 

§ 38il. Passing now to tuberculosis of the laryngeal and 
BRONCHIAL inucons membranes, we enter on a debateable ground, 
where it becomes extremely dillictdt to ascertain how much of 
the morbid process is really tuberculous. Vircliow does not 
scruple to assert tliat " tuberculous " ulcers of the larynx actu- 
ally originate from miliary tubercles ; he assigns their produc- 
tion, and extension botli in breadth and depth, to a process 
identical with that which we learnt to know in conuexion with 
tuberculous ulceration of tho mucous lining of the urogenital 
tract. Other obsen-ers, as e.ff. Riikle, utterly deny tho presence 
nr participation of miliary granulations in tlie process; indeed 
ViTcltow is at tlie pains to explain, that miliary nodules are so 
rarely to be detected in these "tuberculous" ulcers, only 
liecauBe they are here especially firail and perishable : this 
jpplanation is equivalent to an admission that they are very 
Idom to bo seen. 
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Now if we undertake a painstaking histological analysis, by 
examining vertical sections through the afiected parts of the 
laryngeal and tracheal mucoys membranes, and endeavour to 
eliminate whatever is decidedly non-tuberculous, we must begin 
by refusing a specific character to any morbid change in the 
closed fdUicles. The larynx proper, indeed, is not, strictly 
speaking, furnished with closed follicles ; but thqy arc plentiful 
above the epiglottis, at the base of the tongue, on the isthmus 
faucium and the upper part of the pharynx ; and tuberculous 
ulceration of the larynx proper is very commonly associated 
with ulcers due to scrofulous inflammation, proliferation and 
disintegration of these pharyngeal follicles. Further, the 
laryngeal and tracheal tdcerations which start from the orifices 
of the mucous glands, are not to be considered tuberculous. I 
have elsewhere explained more fully (§ 356) how chronic catarrh 
of the mucous membrane may give rise to dilatation and hyper- 
trophy of the mucous glands. I >vill now proceed to describe 
another way in which these organs may become involved in 
chronic catarrhal alterations of mucous surfaces ; and this is one 
which, hitherto at all events, I have only met with in this par- 
ticular region and in this particular case: Accordingly I most 
regard it provisionally, as peculiar to the laiyngo-tracheal 
mucous membrane, and more especially as a veiy important 
factor in that aggregate of anatomical changes which we include 
under the name of laryngeal phthisis. 

If we separate the cut edges of a trachea wliose mucous 
lining is in a state of chronic catarrhal inflammation, and wipe 
away the mucus from its surface, we may readily detect with 
the naked eye, tlie orifices of the mucous glands. In the inter- 
vals between the cartilages they are very closely set ; hero too, 
they are especially wide ; on a level with the rings they are fewer 
in number and more narrow ; here and there, indeed, they may 
even be quite absent. Now if we squeeze the trachea gently 
from below, these openings are seen to exude small quantities 
of viscid mucus, which present a sharp outline and resemble 
grey, translucent dewdrops. Should any one of these drops, on 
moro careful inspection, exhibit a narrow straw-coloured border^ 
this indicates that the ulceration in question has already begun. 
For this yellowish border consists of pus, pus produced by the 
subepithelial connective tissue of the follicular duct, and dis- 
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into its cavity, Diirin;^ tho extrusion of tlia accuiQU- 
tateil secretion From tho gland, this littlo drop of pus was the first 
to escape ; it Uien became uniformly spread out ronnd the edgas 
of tlie drop of mucus which followed it. Tho pus-formation iu 
the efferent duct may continue for a time as a purulent catarrh, 
but it must certainly pass, and that soon, into a pus-formation 
with loss of substance — into ulceration. A circular, shallow, 
ttmnel-shape<l ulcer is formed, girdled by a narrow zone of a 
bright-yellow colour, which marks it off sharply from the 
hypefEcmic mucous membrane round it. In tho centre of this 
dofeot, the dilated oriiico of tho duct, or the gland itself after 
suppurativo dcstraction of its elemente, fonns a rounded hollow 
of proportionate size, which is, at tho same time, the doopefrt part 
of the floor of the ulcer ; thus wo sec that the catarrhal ulcera- 
tion of tlio gland-ducta ia really peculiar enough to warrant our 
distinguishing it from allied conditions. It is only when tho 
ulcer proooeda to extend in depth and breadth that its primordial 
characters become eftaoed. Tho eoaleseonco of contiguous ulcers 
produces c.jr. racemose outlines, lilio those which arc usually 
held to bo characteristic of the "tuberculous" ulcer; indeed 
the racemosfl form is even more distinctly marked in these cases 
than in tubercnlous lesions of the bowels. The extension of the 
ideer in depth, is favoured by tho suppurative destruction of tho 
body of the mucous gland. A suppurative inflammation of its 
ca]>sulai* and interstitial connective tissue, leads to the dbintegra- 
tion and solution of tlie acini ; the entire gland melts away ; 
and when we reflect that the mucous glands of the air-passages 
are situated, not in the mucous, but in the submucous layer, wo 

readily perceive that those ulcers must be especially prone to 
excavations." As a fact, wo soon find the floor of 

ulcer close to the tracheal rings, or the larj-ngoal cartilages ; 
and this paves tho way for a fresh series of lesions. 

The cartilages of tho larynx and trachea, owing to their non- 
vascular texture, and their obviously sluggish nutrition, arc more 
disposed to undergo necrosis en ntasae than a gradual destruction 
by successive layers. When the inflammatory irritation reaches 
tho perichondrium, it not unfrequently happens that before the 
cartilage itself has time to undergo any marked alteration in its 
forai, colonr and consistency, the entire mass is isolated by a 
suppuratire perichondritis ; it becomes a sequestrum, and is 
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ready for expulsion, as soon as the abscess-cavity communicates 
vfith the floor of the ulcer by an aperture large enough to allow 
of its passage. (Arytadnoid cartilages.) As a general rule indeed, 
this catastrophe is preceded by a stage of ime ulceration ; tlie 
cartilage is laid bare, though only on one side, that which forms 
tlie floor of the ulcer — while everywhere else the perichondrium 
continues intimately united to its surface. The advance of the 
destructive process may then be admirably traced in vertical 
sections ; the outermost layers of cartilage-cells are transformed 
by fission into groups of pus-cells, while the cartilage-cavities 
have simultaneously increased in size at the expense of the matrix 
to such a degree, that just before they burst they are actually in 
contact with one another. Hence the floor of the ulcer, so far 
as it lies in the cartilage, is lined throughout with dilated car- 
tilage-capsules full of pus. Meanwhile these alterations, though 
very important, are confined within relatively narrow limits. 
The third or fourth row of cartilage-cells (counting from the 
floor of the ulcer) is quite intact ; at most, the nuclei may be 
beginning to divide. Li the trachea, the course of the ulcera- 
tion may lead to the denudation of the majority of the rings on 
their inner surface; one ring after another becomes detached 
from its extremities to its centre ; the separation extending in- 
wards till it is complete, when the entire ring is coughed up. 

§ 390. Seeing that the most severe and extreme lesions of 
the larynx and trachea may be produced by simple catarrhal 
inflammation and ulceration, we may be tempted to inquire what 
there is left for tuberculosis to accomplish ? Are tubercles present 
at all in " laryngeal phthisis" ? and if present, what part do they 
play ? It is quite clear that my own observations are opposed 
to any unconditional transfer of the results, anived at by study- 
ing tuberculosis of the urogenital mucous membrane, concerning 
the mode of origin and extension of ^tuberculous" ulcers, to 
the mucous lining of tlie larynx. On the contrary, I feel bound 
to insist that the actual destruction in the latter case is operated, 
not by the breaking-down of tubercular deposits, but by the 
known resources of inflammatory proliferation. Nevertheless, I 
am quite convinced, tliat here too, miliary tubercles may un- 
doubtedly be developed; grounding my belief partly on the 
authority of Virchow, who has actually observed true " tuber- 
culous " ulcers in the larynx, partly on certain appearances seen 
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in vertical sections through the ulcers described above, appear- 
ances which I maj be allowed provisionally to regard as due to an 
eruption of miliaiy granulations. For in these ulcers of the larynx 
and epiglottis, we very frequently meet with spheroidal clusters 
of cells, situated well below the surface, in the midst of con- 
nective tissue which is still intact These deposits resemble a 
single gland-acinus in size ; when soaked in carmine solution, 
they absorb tlie colouring-matter far more greedily at their 
edges than towards their centre, a fact which points to a globular 
mode of grouping, and reminds us very forcibly of the behaviour 
of miliary tubercles under the same conditions. These tubercles, 
indeed, are so sparingly disseminated, they appear so very insig- 
nificant in comparison with the inflammatory infiltration of the 
ulcerated surface itself, that I would only regard them as a 
pledge of the connexion of the morbid changes with constitu- 
tional tuberculosis. At most, they could only be raised to the 
dignity of pennanent inflammatory irritants, and so made re- 
sponsible for the obstinacy and proneness to recur which is so 
especially marked in these catarrhal inflammations. 

The occurrence of true miliary tubercles on the minute 
bronchi, in the neighbourhood of so-called tuberculous cavities, 
will be discussed in the chapter devoted to the respiratory 
organs. 

d. Tumours. 

1. Papillomata. 

§ 391. Papillomata of the mucous membrane must be care- 
fully distinguished from those tuberous and polypoid elevations of 
the mucous surface, which are due to glandular hypertrophy and 
dilatation. They exhibit many varieties of external form and 
situation. 

a. On the mucous lining of the oral cavity, in the vagina, 
just within the anus, in a word, on the transitional semi- 
mucous surfaces, we find the papillary tjpes of the skin but 
little modified. Instead of the ordinary wart we have roundish, 
sessile, berry-like bodies, attached to the gums or the inner 
surface of the cheeks; they are very similar to condylomata, 
differing only in the greater toughness of their epithelial cover- 
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ing. Condylomata, both flat and pointed, occur in forms whose 
purity of type is proportional to the resemblance of the auto- 
chthonous epithelium of ibe affected part, to thai whidi clothes 
these tumours. Nevertheless, the pointed oondylomata keep very 
strictly to the muco-cutaneous boundary-line ; while the broad 
and flat variety is met with here and there, both in the oral 
cavity and in tlie vagina. 

b. On the mucous membrane of the gall-bladder, the urinary 
bladder, and the os uteri externum — in regions, therefore, which 
are normally lined with columnar or transitional forms of 
epithelium — the papillomata are also invested with columnar 
epithelium. 

PapiUoma of the bladder, also called villous cancer, or more 
correctly, villous tumour of the bladder, always springs from the 
trigone between the openings of the ureters. At this point a 
rounded, very soft tumour rises from a broad base to a height of 
about an inch above the mucous siirface. It is clothed with so 
thick a layer of columnar cells, that the very wide capillaries 
which shine through, only succeed in giving it a rosy tint, 
making the cntii*e mass look not unlike an encephaloid tumour 
(Markschwamm). In point of fact, however, the growth has 
nothing whatever to do with cancer ; on the contrary, the most 
superficial examination is enough to show that it consists of a 
number of arborescent groups of villi, and of nothing else. 
This quite agrees with recorded cases of extirpation of papil- 
lomata of the urinary bladder, not followed by any return of the 
disease. Each of the component villi is characterised, on the 
one hand by containing an enormously wide and verj thin- 
walled blood-vessel in its axis, which forms a loop with a 
varicose dilatation at its flexure, on the other by the triple or 
quadruple stratum of columnar cdls already alluded to, which 
lie so close upon the vessel that the villus cannot justly be said to 
possess a framework of connective tissue at all. 

Papillomata growing from the external or, contain more 
connective tissue and fewer blood-vessels ; their epithelium too 
is more scanty. The stout, club-shaped terminations of the 
dendritic growth, are clothed with a single layer of oolunmar 
cells ; nothing like a varicose dilatation of the vessels can be 
anywhere discerned. The description of " papilloma cystioum'* 
iven in § 70 is taken from this variety. 



^ 



CAKCINOMATA. 455 

_ III tlio Iiuinmi giili-blaclilor wc only meet witli exeeasively 
minute and inaigniGcant papillomata. On the other luuiJ, 
Virc/tow has planted upon I'ecord the case oi* a cow, whose gall- 
bladdor he examnied; its tliickened walla "were boset with 
f-uch multitudes of partly viUoua, partly cylindrical, solid ont- 
growtlis, that the mucous surface over a oertain area seemed to 
have entirely disapi>eai'od." 

§ 3&2. The relations of these impillomata to epithelial cancer 
of tJio mucous membrane, are both interesting and important. 
Nut only has It bocii shown tliai a. papilloma may pass into an 
epithelioma, and that an epithelioma may be ttecondarily com- 
plicated by papillary ]iroliferation from the edges and base of the 
ulcer, but it has been repeatedly asserted that the mucous 
membrane over a cancel' which is forming in the aubmucoua 
tissue, is prone to Ijccome the seat of papillary growih. For my 
own part, I have never observed anj-thiiig of tlie kind, and I 
cannot tlierefore express any opinion concerning the intimate 
connexion of these two phenomena. Vbvliow regards the de- 
velopment of the papillomata as a siinply liypei-plastic change to 
begin with, excited by the irritation of the adjoining cancerous 
fbrmatiou j tlie possibility of its conversion into a true villous 
fAKCER only beginning, when the carcinoma is propagated by 
continuous infiltration from below, to the connective tisane of 
the papilhe. He goes on to say, that the atomach and urinary 
bladder are the chief seats of these true villous cancers, wliich 
are probably identical with om' own columnar epitheliomata. 



§ 393. The mncous surfaces, lined as they are with epithe- 
lium, are everywhere disposed to the production of epitheliomata ; 
to that of glandular cancer only in so far aa they Iiap]ten to 
contain oyien glands. To this laUer circumstance must be 
asci'ibod the striking differences between tlie average liability of 
various regions of the raucous ti-act to cancer. Moreover, the 
epithelial foi^n seems to prefer the points of junction between 
the several divisions of the mucous tract ; this is mainly owing 
til the pre-eminent exposure of such localities to mechanical 
irritation of some sort, which need not necessarily be abuormal. 

§ 394. Starting from those orifices of the mucous system 
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which aro situated in the head, we find, apart from those can- 
cerous affections of the lips, eyelids, and ala) nasi, which 
properly belong to the skin, a true sofl glandular cancer of the 
MUCOUS LINING OF THE NASAL Foss^. In adults, tliis is de- 
veloped on a soil previously made ready for it by a chronic 
hypertrophy of all the structural elements of the mucous mem- 
brane ; in children, it occurs witliout any preparatory stage. It 
forces its way by preference into the antrum of Highmore, dis- 
tends the upper jaw, and manifests itself as one of the several 
varieties of what is known as " cancer of tlie upper jaw." The 
patient succumbs so rapidly to the attendant cachexia, iliat 
surgeons are now very shy of all operative interference. The 
tumour is wholly made up of imperfectly developed gland-tubuh', 
produced by an excessive proliferation of the epithelium of the 
mucous follicles. 

§ 395. In tlie oral cavity, the tongue is a favourite seat of 
cancerous disease. It usually takes the form of a squamous 
epitheUoma, which however, in accordance with the greater 
delicacy of tlie normal squamous epithelium of the tongue, is 
distinguished from the harder squamous epitheliomata of the 
skin by its softness, and a tendency to speedy disintegration. 
The quantity of blood-vessels, lax areolar tissue, and above all, 
of wide lymph-paths with which the tongue is furnished, ren- 
ders its parenchyma peculiarly favourable to an extension of the 
morbid growth by infiltration. Hence the local mischief assumes 
a foremost place in the history of the disease. The primary 
nodule is nearly always situated on one or other edge of the 
tongue. It is said that the irritation of a ragged and decaying 
tooth may have some share in causing the cancer. Tliis primary 
nodule is usually extirpated by a V-shaped incision. The disease 
soon recurs however, and the operation has to be repeated ; with 
each repetition, the interval between the extirpation and the 
return of the disease grows shorter, until at last the entire tongue 
is destroyed. Metastatic deposits may occur both in the nearest 
lymphatic glands, and in the lungs; these sccondan* deposits 
however, arc always of very subordinate importance. 

What is known as soft cancer of the tonsils, is a soft 
Ijrmphadenoid sarcoma whidi is yery prone to invade the pala- 
tine arohes and the isthmus fauoium (Choanen). 

^ 896. At the entrance to the rvspibatort jract we meet 
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with a tolerably soft variety of squamous epitlieiioiua, wliicli 
differs from that of tlie tongue in its tendency to devolope 
papillary outgrowtliH. In tho substratum of the lni;3ngeal 
muooua membrane, tho tmnour meets witli a soil as ill-adapted 
as possible for any extension by way of infiltration. Nest to a 
submucous layer made np of perfectly inelastic fibres, comes one 
of fibroid tissue ; beneath tins, and througliont the ^-liolo of the 
snbmucous and mucous layers, networks of elastic fibi'cs arc 
nbondantly distributed. What wonder then if the growth tend 
rather to extend outwards, to form papillary excrescences, for 
years and years before it penetrates into the deejier structures of 
tho neck ? 

§ 307. In tlie aisoPHAQUS, a hrnvl squamous optthelioma 
pves rise, first to a zonulni- tumour, and then to a zonular ulcer 
witli an infiltrated base and edges; the ulcer extends; the 
mucous membrane may come to be deficient all round tlie tube 
for a widtli of two to thi-eo inches ; while tho base of the 
ulcer may invade, and eat its way Into, the neighbouriDg .lir- 
passages from witliout. A perforation tlirough tlio floor of the 
nicer into the respiratory passages is a very grave accident. 
Tliis abnormal communication between the alimentary canal and 
the respiratory passages is nsiially situated, not in tho trachea, 
but in the posterior wall of the left bronchus. Tlio left bronchus, 
as is well known, crosses the (esophagus in its middle tin'rd, and 
this is the point usually selected by oesophageal cancer. It has 
justly been supposed that a mechanical cause of some kind must 
contribute to localise the disease at this particular jwint ; and 
that cause is to be sought in tho fact that every morsel of con- 
siderable size, in passing down the O'sophagus, squeezes its 
anterior wall against the posterior wall of the unyielding 
bronchus. Of course perforation of the air-passages is only one 
among many dangers to which tlie ^-ictim of oesophageal cancer 
is exposed. Tho zonular tumour may prove fatal by causing 
stricture ; the extension of the morbid process to the mediasti- 
niun may, during the Inspiratorj- fall of tension in the thoracic 
cavity, occasion the entrance of air from the oesophagus into the 
las areolar tissue which adjoins it, and so give rise to true 
emphysema of tho entire subcutaneous tissue ; the base of the 
ulcer may become converted into a regular diverticulum, in 
whioh the food may lodge and become decomposed, &c. 
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C .npaxedwillieamiioauiof the middle tUrd oiT the ccaopia- 
gas. canceroos afleeiiofifl of tlie endui and olhar regioii» jse 
nncommciu I have met, however, oo two 
with a very waferBdsl and moefa loftflr vaziety of 
had invaded laige aections of the flmophagpal tube in a very 
diffaM way. 

§ 398. The stomach has an rywiaBy rieh repertoire of 
carcinomaia ; we find, with nearly equal firecpeDey, a soft, a 
hard, and a colloid fixm of glandular eaneer, as wdl as a 
colamnar epithelioma. AH the variedea of gfamdnlar canecr 
agree in their origin finxn the mnoooa memhrane pfoper, extend- 
ing secondarily to the sabmacoos tissue. I by stress npcm this 
fact, becanse an eesential distinction naed to be drawn between 
*^ sabmncons'' and ^^ mnooas'' cancers of the stomach. It is 
true that the transition above alluded to nsoally oocars at a veiy 
early period, and that the cancerous proliferation advances mudi 
more rapidly in the wide spaces of the snbmncoiis tisBoe, with 
their numerous lymphatic networks, than in the mncosa premier. 
Hence it is, therefore, that the cancer frequently takes the fonn 
of a laminar infiltration of the wall of the stomach, over which 
the mucous membrane extends, either unaltered or simply 
atrophied, and is freely moveable, while it is bound down to the 
subjacent growth at one point only. Now it is fix>m this point 
tliat the morbid process originally sets out ; this is the oldest pari 
of the disease. In most of ihe cases ii^ch come under our 
notice, it is occupied by an ulcer, which has destroyed the place 
of origin of the cancer, and has accordingly made it impossible 
to decide, whether tlie glandular elements of the mucous mem- 
brane had any share in the first development of the disease, or 
not All the more valuable are the statements made by 
Waldeyer (Vircliow^s Archiv, vol. xli.), who succeeded, not- 
withstanding these obstacles, in establishing the origin of the 
morbid growth firom the mucous follicles and peptic glands. 

A very usual post-mortem appearance in soft canjcer of the 
stomach, is ihat of a single ulcerated patch, several square 
inches in area, surrounded by a border of mucous membrane 
tluckened by infiltration with cancerous elements. The tumour 
has originated, as very often happens, on the lesser curvature, 
and has extended downwards fiK>m this point both along the 
anterior and the posteriar wall of the organ. The ulcerated 
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surface itself is oovcred with sUreds of tissue, whicli float when 
. a stream of water is poured over tJiem. They are the remains 
of the caiicer-stroma, which resist destruction longer than tlio 
cancor-cella. They now besouio detached, principally owing to 
the action of the gastric juiee, and so give riso to those patho- 
gnomonic hii^morrhages in which tJio blood escapes a drop at a 
time, coagulates fbiihwith, aud assumes a brownish -black tint ; 
innumerable particles of this altered blood giving the contents of 
the stomach — the vomited mattera — the appeai'anco usually 
described as resembling coffee-grounds, chocolate, &o. (.In 
examining a vertical section tLrougli the thickened border of the 
ulcer, we see how, on the sound side, tlie glandulai' layer of the 
mucous mcmbrano is stretched by the tumour, how over tlic 
moat prominent part of tlio raised border its thickness is sud- 
denly reduced, the glands being as it were compressed at both 
onde, and the contiguous ones forced asunder. At last the 
mucosa prosier is only represented by aa interrupted chain of 
wasted glands ; between which and tlio muscular coat, the entire 
thickiioss of the cancerous maas, which may attain fi-oni foui* to 
■lis lines, intenenes. On the other side of tho boundarj', tlie 
tvansitiou to ulceration is effected by fatty degeneration of 
the cancer-eoUs. Even tho unai'med eye can detect the yellow 
dots and stri* of the decaying cancer-tissue, and trace them all 
rimnd tho floor and borders of tho ulcer. The disintegration 
itself may be hastcnoil by tho action of tho gastric juice nj>on tho 
necroblotic tissue ; at least the pi-ocosa is usually more sluggish 
in iho precisely analogous affections of the uterus, m-iuai-y 
bladder, &c, 

Tho course of scii-iJuig venti-KuU is very different. Tins 
variety of cancer is far slower in its rate of growth ; starting 
from tho lesser curvature, its favourite place of origin, it suc- 
ceeds for tho most part in extending round tho entire circum- 
ference of the stomach. Tho submucous and mucous layers arc 
uonvertod into a white, fibroid band, from two to three lines 
thick, which, when the girdle is complete, gives the middle of 
tho stomach the appearance of a rigid tuba from one to t\\'o 
incites iu diameter, to which the fundus is attached like a loose 
bag. The microscope shows a very marked reeiemblancc bctrt^een 
the arrangement of the epithelial elements and tJiat of glandular 
^thelium. Not that the cells and oell-nests are either very 
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large or veiy nmneroiis ; on the contzarr, the stroma of con- 
nective tissue decidedlv predominates. Bat the form of tlie 
cell-nests is comparatively regular ; tliey are elongated tubuH, 
circular in transverse section, in which the epithelial elemenf^. 
of small but uniform size, are disposed almost radially, though 
an axial lumen may not be discoverable. 

Colloid cancer of the stomach is also distinguished by it< 
prevailing tendency to cause destruction, as opposed to ulcem- 
tion ; even before giving way, it invariably becomes zonular. 
It may thus give rise to very serious stenosis. The ulcerative 
process is a slow disintegration, proceeding from within outwards, 
without haemorrhage or abundant secretion of any sort Were 
it not for the risk of extension to tlie peritoneum, colloid cancer 
of the stomach would agree with scirrhns in the comparative 
innocence of its priman- manifestations. 

As regards the minute structure of this form of cancer, the 
horizontal sections recommended by Koster are so far important, 
that they undoubtedly shift the onus of infiltrative propagation 
to the lymph-patlis of the gastric walls. This obsen-er is inclined 
to transfer the results which he has obtained from the investicra- 
tion of Cylindromata (§ 173), with reference to the share taken 
by the endothelia in the process of morbid growth, to colloid 
cancer of the stomach. My notions concerning hard glandular 
cancer, as laid down in § 159, make it quite ob\'ious, that I can 
have no a priori objections to this view. I would regard these 
appearances as indicative of an ^^ epithelial infection" of the 
endothelial elements of the lymphatics, starting originally from 
the glands. But I must beg the reader to observe that my 
attitude, especially as regards the colloid variety of cancer, is 
one of expectation. 

§ 301). The spread of these three varieties or cakcer 

OF THE stomach TO NEIGHBOURING ORGANS is of high cHnical 

iinportaneo and anatomical interest. The muscular coat is in- 
volved nfler the submucous layer. The cancerous infiltration 
follows the narrow bands of interstitial connective tissue between 
the muscular fasciculi. These fasciculi themselves, owing per- 
haps to the continued irritation to which they arc exposed, 
undergo a hyperplastic thickening. This is tlio rule at least in 
the colloid and scirrhous forms of cancer. In vertical sections 
through the walls of the stomach, we can trace, oven with the 



naked cyo, the progressively increasing thickness of the nmsonlar 
Ijundlea as we pass from the healthy to the diseased tissues. If 
wo add to this the amount of additional matter produced by the 
caucGrous degeneration of the interstitial tissue, we can be at no 
loss to account for the muscular coa.t attaining from tliree to five 
times its normal thickness. 

Having traversed the muscular coat, the cancer readies 
the visceral peritoneum. The iirst nodules then make their 
ajipearauce in the subserous connective tissue. Their arrange- 
ment often shows very clearly their original dependence on 
iho course of the muscular foBcicnli ; ie. they lie parallel to 
these, In lines which correspond to the Intermuscular septa of 
connective tissue. Soon, howe\-cr, the adjacent nodules coalesce 
with one another, and we get irregular, flattened lumps, which 
present the special charactei's of tlie jiarticular variety of canoer 
to which thoy belong, in their least complicated form. 

This extension to the peritonei coat is almost always the 
signal for a general degeneration of tlie entire sac. It is probable 
that the mutual friction of the vi&coi'a may detach bits of the 
cancerous nodules and carry them hither and thither over the 
smooth surfaces of the membrane, until they Hnd their way Into 
^me fold or recess ivhoro they give rise to the development of 
a fresh nodule. The general effect — as Viivliow puts it — is that 
of seeds having been acattered over tlie peritoneal surface, falling 
here and tliere, and germinating. In tliis respect, soft and 
scirrhous cancer behave in precisely tlie same way. The colloid 
variety takes up a position of its own bi this as in other matters ; 
it performs the giant task of converting the whole peritoneum 
Into a mass of colloid cancer, continuously, without any break, 
by a simple process of infiltration. The thickness which a single 
jicritoneal lamina attains whon the Infiltration is completed, 
iimounts to two or even tlirce luies ; the omentum, as a duplica- 
turo of the membrane, is converted into a. plate an Inch thick, 
and as hard as a board ; tlie mesentery and the various Ugamcnta 
follow suit. It Is self-evident tliat luider such conditions, the 
most Important disturbances of peristaltic action are unavoidable. 
The phenomena are usually complicated, moreover, by inflamma- 
tory accidents, by an abundant sero-6hrinous exudation, by 
small ha'morrhages and adhesions. Similar accidents also occur 
n the course of soft and scirrhous cancer. The scirrhous variety 
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however, exhibits a very remarkable pecnliaritjr in addition, 
doubtleflB connected with minuter tissue-changes, but the maiu 
feature of which has hitherto evaded all direct elucidation. I 
refer to the contraction of the connective tissue in the neighbour- 
hood of the scirrhous nodules. The narrowing of the gastric 
cavity, which coincides in point of time with the thickening of 
its walls, and which has already been alluded to, must be ascribed 
to this contraction. In this locality however, there is no hope 
of ever arriving at a better knowledge of the process. The 
phenomena are far more open to investigation as they occur in 
the peritoneum* We may expect, in particular, to get at some 
reliable results by examining the transparent texture of the 
epiploon. This, in point of fact, shrinks into a rigid cord, with 
cancerous nodules scattered through its substance, which mny 
even, supposing the ascites moderate in amount, be felt through 
the abdominal walls in the region of the transverse colon. If 
we spread it out, and try to ascertain the cause of its shrinking, 
it reminds us, under a low magnifying power, of a doth, spread 
out flat, and then clutched and crumpled together from a single 
point, from which the folds all radiate; but instead of the 
crumpled nucleus, we And the smooth, white, scirrhous nodule, 
forming the centre of these radiating folds. For my own part, 
I feel convinced that the pre-existing connective tissue really is 
in some sort used up in the present case, and that the scirrhous 
nodule, moreover, represents the quantity of connective tissue so 
employed ; but I am not able to offer any opinion about the way 
in which this is brought to pass. 

This degeneration of the peritoneal sac naturally leads to 
rigidity and contraction of the mesentery, and consequently to 
the most serious disturbances of the intestinal peristalsis ; more- 
over, very intimate adhesions usually form between the abdo- 
minal viscera, so that the small intestine, for instance, is often 
found as it were rolled up into a ball, in the interior of whidi 
its canal forms the most labyrinthine convolutions, offering 
difficulties, almost insurmountable to its being traced out by 
dissection. 

§ 400. Instead of the various forms of squamous epithelioma 
which we have repeatedly encountered between the lips and the 
cardiac orifice, we meet, below the cardia, with a cditmnar 
epithelioma. Its favourite seat is in the stomach, and most 



commonly io its pyloric part ; indeed it is often localised on tbe 
fold of mucous membrane whicli separates the stomacli from tlie 
duodenum. In this region it gives rise in succession, to a flat 
tuberous etovation, a fuugoid tumour with a broad base, and 
finally a polj-pus; tbe latter is often quite splierical, larger tliun 
a pigeon's egg, with a relatively sliort pedicle. In this its final 
furni, the tumour is admirably fitted to block up the duodenal 
canal, and so, i.e. by hindering tbe iiitrodaction and digestion of 
food, to cause acute marasmus ending in death, unless tbe growth 
is speedily softened and broken up. When this occurs, a smooth 
excavation is left, in whose edges the further extension of tho 
grow-tb may be tracetl. And here it is closely related to that 
adenoma of the alimentary tract which I have described more 
fully in § 171. 

5 401. In the lower divisions of tbe digestive tube, we have 
a soft glandular cancer of the colon, which tends to prodnco 
zonular ulcerations with a fibroid and therefore firmly-contraetod 
base, and so to cause stricture of the bowel with itj; consequences. 
In the same region we find a superficial adenoma — a variety 
wliich is also met ivith in the rectum (Klef'/i, Lei/den). Squamous 
epitheliomata of the rectum immediat«ly above the anus, fre- 
quently attaiu a very considerable size as cauliflower growths, 
bctbro they start from the mucous follicles to invade the deeper 
parts (cf. § 166, itole 2). 

§ 402. The dterus exhibits a greater liability to cancerous 
disease than any other part of tbe urogenital tract (if wo class 
ennwoid of the penis among tumours of tho skin). A good half 
of all tlie cases of so-called uterine cancer are epitheliomata. 
These originate eitlicr from tho mncous lining of the cervix or 
from tho portio vaginalis ; in cither case, it is long bofoi'o tho 
boundary-lino between the jiortio vaginalis and the canal of tbo 
cervix is overtopped. Cancroid of the portio vaginalis veiy com- 
monly originates as a sofl papilloma, or cauliflower growth ; tho 
transition to deeper parts boing efiectcd, as in papillomata 
of tho skin, by the dislocation of tlie epithelial boundary into 
tho subepithelial connective tissue. KpitlioUal cancer may givo 
rise to very extensive lesions in the utenis. The muscul&r coat 
offers most resistance. When this has given way, tho lax areolar 
&Bue between tlie organs of the true pelvis offers a most favour- 
>le soil for tho luxuriant extension of the morbid growth. Wo 
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find a cavity several inches in diameter, whose internal surface 
is coated with the most offensive products of putrefaction, 
bounded above hy the still undestroyed remnant of the fiindus 
uteri, in front by the posterior wall of the bladder, behind by 
the anterior wall of the rectum ; while tlie vagina, whose upper 
half is also involved in the destructive process, maintains the 
cavity in communication with the exterior. At a later period, 
perforations occur in the floor of the ulcer; tliat which lays 
open the bladder gives rise to a vesico-vaginal fistula, that into 
the rectum, to a recto-vaginal fistula, while the perforation of 
the peritoneal sac excites peritonitis. It is this latter accident 
indeed, which often brings the lamentable sufferings of such 
patients to a close. 

§ 403. The glandular cancers of the womb are situated iu 
the body of the organ. They cause its enlargement, which is 
often considerable and tolerably uniform ; the true pelvis is filled 
up, the rectum and bladder compressed and displaced. On 
opening the organ, its cavity is found to be distorted by the 
cushion-like convexity of its protruding walls ; the walls them- 
selves, throughout their entire thickness (up to 3 inches), are of 
a uniform marrowy- white colour; the line of demarcation be- 
tween the mucous and muscular coats is obliterated, the pro- 
liferating gland-tubuli having made their way through the entire 
thickness of the latter layer. 

§ 404. In the urinart bladder, the villous cancers which 
grow from the trigone are especially worthy of note {$ee § 392). 
Besides these, a squamous epithelioma is occasionally, though 
rarely, met with in the calyces and pelves of the kidneys. It 
usually extends at a comparatively early period to the tips of 
the adjoining papillae, and spreads, forming a milk-white zone of 
infiltration from two to three lines in thickness, into the renal 
parenchyma — a true " phthisis renum cancrosa." 
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